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GUEST SPEAKERS

QUALITY SEED AND CUSTOMER SERVICES
Gene A. Sullivan11
According to many scientists and political leaders, food production
and distribution will be the dominant world issue of the future . Some
even prophesy food wars . Others believe that we will always at least
produce sufficient food for adequate diets. Sti ll others agree that
starvation for millions of peopl e is inevitable. Nevertheless, the fact
is that food production is now and will always be a "current issue".
In a recent article in Scientific American, the Internationa l Food
Policy Research Institute identified only five countries as food exporters: Argentina, Australia, Canada, South Africa and the United
States . The United Nations has identified 43 11 food- priority countries"
that have unbelievably low incomes , inadequate diets , and large cerea lgrain deficiEts . Without doubt these food-deficient countries desperately need quality seed of improved varieties to increase yields.
Fortunately, there are dozens of international organizations striving
endless ly to devel op new varieties . These agenc i es believe, however,
that better seed is only one part of a much needed package program to
noticeably improve world food production. They suggest that the package
must also include new production practices, access to production inputs,
adequate equipment, financing , markets and perhaps, most important of
all, adequate knowl edge to blend separate resources into a total crop
production program .
Is it possible that packaged crop production programs are also
needed in the United States? If we are to maintain our dominance in
agricultural productivity, the answer must be yes. The American farmer
also needs better seed of improved varieties, better production practices and the other components that work together for an efficient and
profitable agriculture.
Problems of Americans are more complex than those in other countries because of the extremely high level of technology at which we
operate. Each step is more difficult than the previous step. Each new
product or idea that is developed requires more resources for development than the previous item and it is likely to be percentage wise, less
profitable. Economists refer to this as the law of diminishing returns.
Overall , American agricul ture operates in the area of diminishing returns .
This is, however, a credit to our industry because it i mplies efficient
use of resources. Yet it means that each new variety, product , or idea
is more critically eval uated for profit potential than was the previous
variety, product, or idea. Today our farmers operate with their thoughts
on profit rather than tradition. Most serious farmers maintain adequate
records that enable them to determine those resources that do in fact
return profits.

l!crop Science Extension Specialist, N.C. State Univ., Raleigh , N.C.
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Does this indicate a bleak future for the seed industry? Quite the
contrary, seed are basic and cannot be replaced by new technol ogy . In
fact , the future should be interesting, exciti ng and profitabl e for
those companies that offer qual ity products and qual ity ser vices. Improved crop varieties with disease and insect resista nce and other beneficial qualities may reduce our dependence on chemical s, fuels, and
other production inputs. Such seed will be even more important and
valuable.
A recent USDA release indicated that farmers spent $81.8 bi l lion
for production goods and services during 1975. Seed and pl ants , fertilizers, lime and soil conditioners, and agricultural chemicals cost producers $11 . 4 billion. An interesting part of that release shows that
onl y 4% of all farms accounted for almost 46% of these tota l expenditures.
Pogo said, "the trouble with the f uture i s t hat it ain't what i t
used to be." The futurP. of the seed industry largely depends on our
ability to provide the seed and services needed by today's seed users.
Our future depends on our actions this year; perhaps even our actions
this week. If we fail to satisfy our customers today, we need not worry
about his future needs. He wi l l be a competitor ' s customer.
Farm statistics reveal a continued trend toward larger farm un i ts
with more highly trained ma nagers. It may be necessary to sel l products
and provide services to fewer customer s, howeve r , quantities per cus t omer wi l l i ncrease dramatical ly. Competition fo r t hose doll ars wi ll i ncrease.
You must know and respond to the characteristics of today's farmer.
The farmer no longer has bl ind confidence in anyone or anything. He
does not accept a Madison Avenue sales job for a mediocre product . He
is responsive, however, to sound sales promotion of a sound product or
service. These young and more competent farm managers make decisions
based on the facts of past experiences tempered with a desire to accept
new practices or servi ces that appear profitabl e.
Sociologists tel l us that an individua l proceeds through five
stages during the adoption of a new product or service. The stages are:
1.
2.
3.
4.
5.

Awareness - the first knowledge about a new idea, product , or
practice.
Interest - the active seeking of extensive and detailed information about the product .
Evaluation - weighing and sifting the acquired information and
evidence in light of the existing conditions into whic h the
product woul d have to fit .
Trial - the tentative uti l ization of the new product accompanied by acquisition information concerning how it is used.
Adoption - the full-scale integration of the product into the
on-going operat ion.

The time period from awareness to adoption has decreased steadi ly
du r ing the past years . This trend will continue as younger, better
educated and more aggressive farm managers take charge of agricultural
production.
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Sociologists also tell us that certain product characteristics
affect the rate of their adoption and use. These characteristics
include:
1.
2.
3.
4.
5.

Relative advantage - the degree to which a new product is
superior to an old product.
Compatability - the degree to which a product is consistent
with existing values and past experiences of the user.
Complexity - the relative degree that a nev1 product is difficult to use or understand .
Divisibility - can the product be tried on a limited scale.
Communicability - can the benefits of the product used be
easily told to others or easily visible to others.

We are fortunate in the seed industry because quality seed receive
an excellent rating in all of the above characteristics. They possess
relative advantage. They are compatible with other practices and are
not complex. They are divisible and can be tried on a small scale .
Their benefits are easily told to others. And yet, it takes many years
to convince our farmers to use quality seed of improved varieties. Why
is this true? Probably because we are unable at this point to provide
the seed user with accurate and detailed information during his interst,
evaluation and trial states of adoption. In other words, there is a
need for improvement of our salesmanship abilities.
A North Carolina seedsman indicated that in his opinion, most
seedsmen lack marketing interest. Most seedsmen are on a program that
requires a 99% effort on production and a 1% effort on promotion. Customers tend to accept the second best variety because they are not
exposed to or sold on a better variety. Good salesmanship is a customer
service needed by most farmers. Seedsmen must actively take their
products to the market place and promote them.
Certified seed has been our standard of quality.
"proprietary varieties" inhibited our salesmanship?

Has the lack of

The following quotes were printed in a 1967 issue of the Crops and
Soils magazine:
Lars Jensen of North Dakota State University s tates, "Certification
agencies, seed dealers, the extension service, and others have not come
out with a hard sell program on the practical value of certified seed
for corrmercial crop production . "
Ed LeGrand of Okl ahoma State University states that, "Seed dealers
do not adequately promote certified seed."
Also in 1967, Vern Pal mberg of Nor thrup King
lecture to the seed dealers in Wisconsin , ''all of
business of supplying agriculture are responsible
the low production we see today on so many of our

& Company stated in a
us who are in the
to a larger degree for
farms . "

Are these comments still applicable to our promotion of quality
seed? How important and beneficial is the information that a seedsman
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provides his customers?
Survey results reported in the April, 1976 issue of Successful
Farming revealed that 76% of the respondents believed that commercial ly
sponsored meetings were equally as useful as extension sponsored meetings. Sixty-four percent responded that they relied more than ever on
research and information from private companies.
Such reports indicate that seedsmen can succeed in marketing quality seed. To succeed , seedsmen need proactive rather than reactive seed
production and ma rketing programs .
The fact is that seed are a sideline with many retail farm and garden supply stores. The salesmen in many of these stores are not technically competent in the field of seed. They cannot serv i ce the needs of
farmers without adequate knowledge. This lack of techn i cal competence
affects the image of the total seed industry and if he sell s your seed,
it affects the image of your company. Image i s created by the satisfaction which people receive from us or from our products and services.
Seedsmen should insist that retailers have adequate knowledge to sell
seed and to provide follow-up services as needed.
Salesmanship ability is a valuable asset to a seed firm and to a
customer. Sa l esmanship has been defined as the judgment and ability to
sell the right man the right quantity and quality of goods and services
at established pri ces, and to follow up with services that will insure
mutually beneficial results . Each person literally sel l s himsel f, his
company and his product.
Knowledge of good seed characteristics is an absolute necessity.
Also attitude, motivation and action are important in selling. The
salesman must follow-up his sales and check on performance of the crop.
Products should perform according to the claims for them.
How can you as a seedsman better serve the farmer with both the
farmer and your company benefitting?
Researchers in Ohio questioned farmers concerning the most important characteristics of seed corn dealers . Over three-fourths of these
farmers responded that honesty and reliability were the most important
characteristics of the dealers. Almost one-half of the respondents
preferred dealers that showed a personal interest in them. Technical
knowledge ranked a close fourth.
Farmers feel that seedsmen must be honest and sincere about their
products. Seedsmen need to develop their market with their reputation
being as good or better than the information provided with the product.
Build your reputation on qua lity seed.
Seed users simply want you to deal with them in an open and honest
manner. In E.R. Squibb & Sons• Standard of Eth ics are these words,
The priceless ingredient of any product is the honest and integrity of
its maker ...
11

11

11
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Here are some comments from a North Carol ina seed wholesaler.
"Each seedsman should establish personal integrity and quality standards. Neither buy nor sell seed you would not plant yourself. Trade
only with suppliers whose quality programs are compatib l e with your own.
It is more profitable to miss a sale than to compromise your quality
standards. Let the competition sell the "trash" and they will soon get
that reputation. You must be technically competent. Know the peculiar
problems that are inherent in each kind of seed bought and in each area
of production . 11
Farmers consider product performance and service - not price - as
the most important factors in making intelligent purchasing decisions.
Managers oflarge farms seek quantity and cash discounts, but still
consider product performance more important .
Seed dealers are providing agronomic advisory services and are
participating in seed and variety research. Farmers enjoy planting
variety test plots and are always most cooperative. However, if test
plots are planted, it is best to select coopera tors with above average
management abilities. Plan to use the field tests and/or the results in
an overall sale promotion program. Such tests can help you provide
customers with local crop production information.
In general, any product or service that contributes to quality and
better serves the farmer al so better serves your company.
~1ost seedsmen are not wise enough to always anticipate farmer
needs. Seed needs are affected by weather, fluctuations in export trade,
over-or under-production in a given year, market potential, and other
seemingly unrelated events . H0\'1 can you plan seed production programs
one, two or more years before you can marke t the seeds?

Decisions on seed production and/or inventory have to be based on
history plus outlook. Seedsmen must use every available resource to
project trends in seed needs.
Predicting the quantity of seed needed of each variety is like
gazing into a many faceted crystal ball. There are l iterally hundreds
of factors that influence final planting intentions. In non-controlled
crops, expected product prices usually determine final planting seed
demand. In acreage controlled crops, total seed needs are easi ly determined, but each seedsman must still evaluate his percentage of the
potential market. Accurate projections require professional seedsmen.
Wheat acreage in Arizo na jumped from 30,000 acres in 1974 to over
325,000 acres in 1975 . Foreign buyers offered attractive contracts
causing farmers to plant more wheat. Unfortunately, there is no way to
prepare for such drastic changes in seed demands.
The seedsman needs a continuing dialogue with seed producers and
farmers. A farmer advisory board made up of top farmers can help a
seedsman project product and service needs.

Seedsmen must be aware of market conditions outside the seed trade
that affect the seed industry. Consider these questions. Will high
livestock prices increase the demand for grass and forage seed? How
will the availability and price of synthetic fabrics influence the
demand for cotton seed? Will overproduction in wheat reduce the demand
for corn seed? How do new government programs and payments change seed
needs?
Meteorologists say that we can no longer assume that patterns of
good weather will continue in the future . Most current varieties were
devel oped during relatively favorable weather. However, scientists are
projecting a trend toward shorter growing seasons. This past winter was
extremely cold. Unfortunately, drought i s a current and possibly a
continuing crisis in the west. Will our current varieties perform
equal ly as well under such extreme weather conditions?
At this time, it is easier to project variety needs than quantity
needs. Farmers are not likely to change varieties overnight. Farmers
treat new varieties with caution until the varieties are thoroughly
field tested. Most seedsmen feel that new varieties shoul d be introduced
into commercial production gradually - as they prove themselves on a
particular farm or market.
A farmer adopts a new variety only if the new variety has a relative advantage over his current variety . This is obvious if we look at
trends in varieties planted. In Mississippi in 1973, the two leading
soybean varieties, Bragg and Lee, accounted for 75% of the acreage. By
1976, Bragg and Lee were planted on only 46% of Mississippi's soybean
acreage . In Iowa, in 1973, the Corsoy and Wayne varieties were planted
on 44% of the acreage. In 1976, the same two varieties were planted on
45% of the acreage. These varieties were released in the mid 1960 ' s.
When new varieties possess superior characteristics, they are
accepted quickly. For example, Blueboy wheat was released about 1965 .
Wheat is not a large cash crop in North Carolina, but within three years
about 80% of our wheat acreage was planted to Blueboy. Blueboy had the
relative advantage of superior yield. Florunner peanut was released in
1968. A few years later Florunner dominated the peanut acreage in the
southeast. Again, superior yields.
Yield is the most important variety characteri stic to farmers.
Yield is the si ngl e characteristic that is easily measured and actual ly
encompasses all other desirable traits. Don't count on a big switch to
a new variety unless it possesses superior yield potential.
Many varieties have been released and promoted as superior, but
failed to perform in farmers' fields. In some cases, the characteristics being promoted as superior were not in fact important to the farmer.
The Plant Variety Protection Act has increased private funding of
variety development research. It is obv ious that seed production decisions will be mo re complex as the number of varieties increase.
areeders should remain objective in the release of new varieties and
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their companies promote only those with improved qualities.
In the rush for each company to have proprietary varieties, more
"novel '' than "improved" varieties have been released . Unique characteri stics such as "an unlobed leaf rather than a lobed leaf" or "white
flowers in contrast to purple f l owers" are not important to a farmer
unless it contributes to his profit.
The seed industry may be creating its own "credibility gap" by
flooding the market with "novel" varieties . For exampl e, as of December, 1976, 62 protection certificates for new soybean varieties had been
granted with another 20 applications pending. Thirty-nine protection
certificates for wheat had been issued and 15 appli cations are pending.
These varieties have not yet contributed to any signi ficant increase in production. Th average yield in the U.S. for soybeans was
26.7 bushels in 1970 and 25.6 bushels in 1976. The yield for wheat was
31.0 bushels and 30.3 bushels in 1970 and 1976, respectively. Farmers
are beginning to ask if Plant Variety Protection is a method for raising
seed prices without improving quali ty or performance.
Plant Variety Protection offers tremendous potential for our far mers. Let us not create doubts by promoting "novel " varieties when,
hopefully, in a few years we can promote superior varieties.
What do farmers really want in seed quality and what wil l they pay
for? Fanners want genetic purity, the highest practical germination,
and expect the results from the seed to be in proportion to the price
charged. For quality seed, they will pay a premium price .
Farmers, however, often fail to clearly communicate their needs to
seedsmen. We encourage farmers to make their position clear as to what
he expects from his crop. If the seed dealer does not have a variety
that fully meets his requirements, he should expl ain this to the farmer
and suggest alternative varieties.
Consciously or not, a farmer exerts all of his buying "know-how"
when he chooses seed . He will gladly pay for the best seed of his
number one money crop. He may, however, reverse his position as the
crop's cash return potential diminishes. His desire for quality seeds
and his willingness to pay is directly proportional to the rel ative
contribution of the crop to his income. In North Carolina, for example,
a farmer does not question the price of tobacco seed, but it is difficult to convince him to place the same emphasis on his purchase of
pasture seed.
It is in these minor crops that seedsmen's standards automatically
protect hi s customer and his land. The per acre seed cost for quality
seed i s only a few cents more and offers the customer land protection
and superior production .
Does the seed industry prov ide the farmer with sufficient information about the quality and performance of a seed lot? Many people feel

that seed vi gor information should be printed on the seed tag. Personally, I am not a strong advocate for providing vigor information.
Those who advocate a need for more information imp ly t hat vigor predicts
field performance and yield. My experience indicates considerable
variability in seed performance from field to field regardless of vigor
l evel. Thus, it is almost imposs ibl e to accurately predict seed performance in a specific field under the myriad of environmental conditions that may exist .
Presently, rather than needing more information on the seed tag,
our farmers need a better understanding of the information already
provided. We have encouraged the acceptance of germination and purity
data as absolute facts rather than estimates based on samples.
In summary, our farmers simply desire quality seed, honesty,
personal interest and friendship from their seedsmen . It is obvious
that the most important information on a seed tag is still the seedsman•s or grower•s name .
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SEED RESEARCH:

IMPLICATIONS FOR SEEDSMEN

R. W. Yakl ich

1/

Seed research has begun to attract the interest of many scientists.
This has been partly shown by the 10-fold increase in publications about
seeds over the past decade. The purpose of this paper is to discuss
briefly some of the most recent work in the U. S.A. in four areas of
research: variety identification, energy and macromolecule synthesis,
seed invigoration, and vi gor in soybeans. These topics may sound fragmented, nevertheless, they are of immediate interest to seedsmen.
Variety Identification
With the passage of the Plant Variety Protection Act, the use of
reliable tests to identify varieties has become more important. For
years, Drs. L. Nittl er, G. McKee, D. Grabe, A. Larsen and others have
wrestled with the problem of trying to distinguish varieties; and I
believe most of you are familiar with their various approaches.
First, I will review some current research on variety identification being carried out by Dr . R. Payne at the National Seed Testing
and Sta ndardization Laboratory, A~1S.
For a test to be of val ue for variety identification it should be
quick, simple, inexpensive and repeatable. A commonly used test that
does not meet al l these criteria is the plant grow-out test. This test
is considered to be the most reliable of the existing tests because it
compares the growth characteristics of one variety against those of
another.
At Beltsvi ll e in May, 1976, Dr. Payne planted 190 seed lots representing 65 soybean varieties and evaluated many plant characteri stics ..
Plant height was found to be an unreliable indicator in soybeans for
several reasons, one of which was vigor. Lots with di fferent vigor
levels will not grow to the same height in the field.
Leaf shape was found to be a valuable indicator of some varieties
prior to flowering. After flowering, there was a general change in leaf
shape of the new growth, and l eaf shape became less reliable.
Pigmentation of the hypocotyl and epicotyl of seedlings was found
to be a variety characteristic . Soybean varieti es coul d be classed into
five groups, depending on pigmentation . The groups of hypocotyl-epicotyl
pigmentation were as follows: green-green; bronze-green; purpl e-green ;
purple- pale purple and purple-purple. These groups were distinguishable
in the growth chamber and in the field.

11 Plant Physiologist, USDA/ARS Seed Research Laboratory, Beltsvi 11 e, MD.
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In other laboratory work, enzymes are being investigated to determine their value in variety identi fication. Peroxidase enzyme from
seed coats has been found useful. It's an "ei ther-or" type of test.
Varieties either contain the enzyme in their seed coat or they do not .
Electrophoresis is being used to determi ne other useful enzymes. Payne
plans to present this information, and more, as a key to the identi fication of soybean varieties.
Energy and Macromolecule Synthesis
Drs . Abdul-Baki and Anderson (1) used embryonic axes of seeds to
study the ability of seeds to synthesize complex macromolecules such as
proteins and polysaccharides from amino acids and soluble sugars . They
noted that as vigor declined, so also did the abi l ity of axes to synthesize those macromolecules . Syntheses of macromolecules, as well as most
other metabolic processes, require chemical energy generated as adenosi ne triphosphate (ATP) by the seed. Ching and Danielson (3) noted a
decline in the ability of seeds to synthesize ATP as seeds deteriorated.
Anderson, studying germination of soybean axes , compared the
induction periods of various biochemical processes, such as protein
synthesis, ATP synthesis and respiration. He discovered that within
one-half hour after the start of imbibition, ATP accumulation was
sig ni ficant, but that synthesis of protein and RNA could not be detected. Further, he noted that although the machi nery to synthesize
protein was present in deteriorated soybeans , their ability to produce
ATP was li miting.
Presently, the ability of a seed sample to produce ATP is an important criterion for determining the quality of the seed lot . Further
information concerning enzymes that regulate ATP production is presently
under investigation by Anderson.
Seed Invigoration
Ways to improve seed performance have been tried for years . This
is done in anticipation of breaking dormancy, provi ding a faster emergence or establishing a more uniform stand. A recently developed method
for attaining these goals is organic solvent infusion (2,8). An organic solvent, such as dichloromethane, is used to solubilize hormones,
pesticides or growth regulators . , The seeds are then soaked in the
solvent- chemical solution until the desired results are obtained. The
seeds are dried, over forced cool air until the solvent is completely
evaporated, and then stored. This method does not require the use of
water .
Methods involving water to improve seed performance, include
alternate wetting and drying of seeds, the use of sa lts , such as KCl
and KN03, and use of osmoticums, such as polyethlene glycol-6000 (4 ,5,6 ).
Generallly, these methods hasten radicle emergence during germination
and improve uniformity of the stand . However, the results obtained vary
from lot to lot within a variety . Scientists have been trying to im-
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prove seed performance for a number of years, as has been pointed out in
a review by Kidd and West (7}.
Soybean Vigor
In Bel tsville, the Seed Research Laboratory, ARS, has been conducting a research project on soybean seed vigor since 1975. Although
this study has been carried out mainly by Dr . M. Kulik and myself, the
following scientists have also contributed to this project; C. S.
Garrison, L. Woodstock, J. D. Anderson, J. Velasco and A. Abdul-Baki.
The purpose of the project is to compare the results of laboratory vigor
tests with field results.
During the past 2 years we evaluated in the field, 225 lots of
soybeans representing eight varieties. The l ots were evaluated for
three dates of planting; early, sub-optimum and optimum and two soil
types; li ght and heavy. The plants were counted at four growth stages:
a . initial emergence, seed l ings emerging from all plots; b. final
emergence, plants 13-18 em tall; c. initial stand , plants 25-36 em tall;
and d. final stand, mature plants. Yields were determined for the
soybeans planted on the optimum date in the heavy soil .
The following vigor tests were determined on all the seed lots in
the laboratory: germi nation , including Spai n's seedl i ng classification ,
root-shoot length, and dry weight; tctrazolium staining according to R.
P. Moore; cold test; accelerated aging; sand bench emergence; conductivity test; speed of germi nation, three-way criteria; ATP content ;
specific gravi ty; resp i ration; and 1,000 seed weight.
Thus far , we have analyzed both the laboratory and field data for
only 1975. Correlations were performed by comparing the various laboratory vigor tests with planting dates and soi l types . Those vigor tests
that gave r values of 0.6-0. 8 were the fo ll owing: cold test, accelerated agi ng, TZ sta ining, sand bench emergence, conductivity test and
speed of germination. This means that each of these tests will predict
from 36-64% of what is observed in the field.
The field data for 1975 and 1976 have been stati sti cally analyzed.
Generally speaking , the difference in emergence between two 1ots had t o
be greater than 15% for significance. This means that according to
Duncan's Multiple Range test at the 5% level, there is no difference
between a seed lot with 90% emergence and one that had 75% emergence .
We believe that this large difference required for signifi cance was due
to variability in the field environment and to a wide va ri ation of vigor
within a seed l ot caused by di fferent rates of declining vigor .
Seed environment will vary from plot to plot within a field. This
is due not only to soil hete rogenity but also to other condi tions , such
as pH, soil moisture, seed-so il contact, and so on. Thus, there would
be a different set of environmental parameters at each plot, both
quantitative and qualitative. Theoretical ly, these environmental parameters shoul d cause a larger variation in emergence of a seed lot that
has become weak through loss of vigor, compared to a strong seed l ot.
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To t es t this hypothesis, we took the emergence results from the
1976 field planting for optimum planting date on hea vy soil. Seed lots
were grouped according to their emergence into the following categories:
90% and above, 80-89.99%, 70-79.99%, 60-69.99% and 50-59.99%. An analysis of variance was performed on these categories to obtain the standard
deviation, a measure of variability . The standard deviations, in percent, for the hi ghest emergence group to the lowest were as follows:
4. 4, 6.4, 7.9, 12.9 and 8. 7, respectively. As the mean emergence percentage decreases, the standard deviation increases . This shows that:
(1) a lot with high vigor will deviate less from the mean than a lot
that has lost some or most of its vigor, and (2) the quantitative and
qualitative environmental parameters at a particular pl ot affect the
performance of a high vigor l ot the least.
The above results, which represent a small portion of our unpublished data , suggest a skewed population curve, with maximum variablility in the lots with 60- 69.99% emergence . Further analyses of the
existing data should clarify the distribution of the standard error.
At present , we do not believe we will be able to predict the exact
performance of a seed lot in a particular field. However , we do believe
we have collected enough data to know when a seed lot has acceptable
vigor or high, medium or low vigor . Hopefully, someday we will be able
to report a range for the vigor of a seed lot--for example, one l ot may
emerge between 90-94% compared to another lot that emerges between 6080%.
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DESIGN PRINCIPLES FOR SEED PLANT FACILITIES
Raymond Philpott
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There are several things that must be considered in bui ldi ng a new
seed plant facility or re-building an existing facility. These are:
1.

Al ways remember you are handling a l iving product and to handle
this product so as not to injure or kil l it.

2.

El iminate every possible area where contami nati on can occur
through design and then establish definite procedures for your
plant personnel to foll ow .

3.

Pl an the pla nt facility to fit your needs at present with future
needs projected, and then plan expansion of the fac ility for
these future needs .

4.

List the specific requirements for the plant necessary to achieve
what you wish from receiving to warehousi ng, that is, what
if you wish to blend; or what to do with waste material like
husks, cobs, hulls, spl its, dust, etc. Then consider location
of warehouse , order make-up areas , etc.

5.

Determine the requireme nts of federal, state and loca l pollution
laws and reg ulations for suspended particulates and what you have
to do to comply with them.

6.

What design features are necessary for your facility to comply with
the Occupati onal Safety and Health Act (OSHA) from a safety standpoi nt ?

7.

Consider what your electrical requirements will be for present
and futu re needs.

8.

Carefully plan yo ur fuel requirements for both present and future
needs . What is the availability of fuel s , and what measures can
be taken to conserve fuel and all other energy forms?

9.

Have a soi l test made on the la nd you intend bu ilding as thi s
can ma ke a difference, not only in cost due to poor soil conditio ns, but could al so determine if this is the area you want to
build on or should you consider another that has better soi l
conditions.

10.

And last but not least, have a reputable and knowl edgeable
firm hel p you with this planning and designing.

Jlvice President , Machinery, Engi neerin g & Construction, Corn
States Hybrid Service, Inc., P.O . Box 2706, Des Moines, lA.
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As my knowledge and experience has been in designing sorghum,
soybean and seed corn plants , thi s paper will cover these types of seed
facilities. However, the majority of the equipment, procedures, and
designs can be used whe n designing and bui ld ing almost any seed handl ing
facility .
In this discussion I will not use the words "process ing " and ''grading. ''
This is because we do not process seed in the sense of changing them, cooking them, etc . , but we are "handling" them. We are no t grading seed by
changing their qual ity or separating them into different grades because
they are all of high quality, but we are "s izing " them into different
sizes or "c leaning " them.
Now l et us follow the seed through a compl ete seed facility f r om
receiving of the raw mater ial to the fi nished bagged and warehoused
seed. Seed corn differs from soybeans and sorghum , because it is most
frequently received on the ear. Therefore, the initial steps of the
sequential process are app l icable to seed corn.
Seed Corn
Receiving:
When receiving ear corn the design is based mainly on
the specific requirements , but you should try to make the pit
as shallow as possible, easy to clea n, and the conveying mechanism
should be se l f-c l ean i ng. A vibratory conveyor is best as it f i ts
all of the above criteria . Raisi ng or bui l di ng-up the drive area
can make it easy to clean and eliminate problems with water , snow,
ice and rotting material. These dump areas can be designed to
receive corn from wagons , semi-trucks or multiple units.
Husking and Sorting:
A husking and sorting building needs to be
desi gned to give maximum uniformity in feed ~?g material into
each huski ng bed . At present, the New Idea- Husker is the only
unit being widely used, and it has an average capac i ty of 150 bu/
hr/unit . The capacity varies with how clean or dirty the ear
corn is received from the field. Regardless of the husker used,
a return conveyor from the sorting table to the husker shoul d be
provided for unhusked ears.
The sorti ng table sho uld be designed to accommodate at least
four sorters per husking unit and have a variable speed control
to run the belt from 30 to 90 feet/mi nute. There shoul d be a minimum of one sorting table for each two husking units, if possible,
and a maximum of three hu skers per sor ting table.
A system shoul d be devi sed to separate shel l ed corn from ear
corn prior to husking with the option of either di scardi ng or saving thi s seed.

~The use of proprietary names does not imply endorsement of the equipment by the Mississippi State University.
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A system for collecting the cull ears, husks, and discards
shou ld be designed to fit your particular needs. This could be
made of several pieces of equipment such as silage chopper ,
sheller , bailer, dryer, etc. This design should be based on
the available outlets for thi s materia l in the particular area.
The building should be insulated to soften the noise. A
partit ion between the husking units and the sorters is also advisable.
Conveying:
The conveying system both into and out of the dryer
should be designed to load and unload the dryer bins rapidly in
order to minimize the time that each bin is off the dryer unit.
Tyrically, a 12'' w·ide conveyor should handle 2200 cu . ft/hr
of ear corn (700 bu/hr. wet or 900 bu/hr . dry), and an 18" wide
conveyor should handle 3200 cu. ft/hr. (1000 bu/hr. wet or 1300
bu/hr. dry) and a 24" should handle 4200 cu. ft/hr . (1300 bu/hr.
wet or 1650 bu/hr. dry). The above capacities are based on a
150 F. P.M. belt speed in a horizontal installation.
Inclined conveyors do not requ&re cleats when the belts
are installed HP to a maximum of 15 . A cleated belt is at inclines from 15 to 30°. It is not recommended that an inclineg
conveyor be used on more than a 30° angle with a maximum of 35 .
There are many good manufacturers of belt conveying equipment,
but time should be spent in selecting the units that will give
you the best longevity per dollar invested.
Conveyors that are exposed to the elements should be covered,
if possible, and designed for their particular application. During the off season the belts should be removed, rolled up, and
stored in a dry, safe place . This prevents distortion and deterioration. One of the best belts being manufactured is PVC belting.
These belts are oil, moisture, acid and mildew resistant and rodents do not seem to like their taste.
New developments are being made every year in conveyors and
conveyor components, so take advantage of all the information
available, and adapt it to your facility needs.
Drying:

There are several types of ear corn drying systems:
a.
b.
c.
d.
e.

Double pass system as shown in Diagram A
Single pass system as shown in Diagram B
Single pass reversing system as shown in DiagramS C & D
Single pass recirculating system as shown in Diagram E
Suction system as shown in Diagram F

Of these systems the single pass recirculating, suction
system and double pass system are the most economical on fuel
consumption. The double pass system uses the heated air twice
for maximum moisture absorption. The single pass recirculating
re-uses the air, reheating it when it is l ow in moisture, and the
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suction system prevents loss of heated air
openings in the building .

t~rough

doors and

A rule of thumb is that it takes approximately 1000 BTU
to evaporate a pound of moisture. The air used in a dryer has
two functions: one is to supply this 1000 BTU of heat necessary
to evaporate each pound of moisture and second, it is a vehicle
for transporting the moisture away from the seed and into the
atmosphere outside the dryer. The moisture equilibriums of
different seeds are given in Table 1. This shows, for instance ,
that you cou ld dry yellow dent cobn to 12% moisture if the
outside ambient temperature is 77 F. and the relative humidity
is 55%without additional heat . The data in this Table also
demonstrate that a heated ai r dryer can speed the drying 0
pro6ess by increasing the heat l evel to a maximum of 110 F.
(40 C.) and lowering the relative humidity.
Table 2 lists the pounds of water in the kernels and the
cobs when corn is harvested at various kernel moistures. Use
of this table permits you to balance the amount of water to be
evaporated from each bin . For example, suppose you have one
bin of 30% moisture ear corn and one bin of 25%moisture and
would like them to dry in the same amount of time . The 30%
moisture bin has 22.8 pounds of water per bushel to be removed, the 26% mois ture bin has 17 pounds of water per bushel
to be removed, if dryed to 12%. By using these figures yo u
can balance the time of drying by varying the depth of the ear
corn to be dryed in each bin . The 26%moisture corn has
approximately 25% l ess water to remove, so you can put 25%
more corn in the bin than the 30% and still dry in approximately the same time.
To ca l culate the air requirement needed on a dryer use
formulas A and B below.
Formula A
Width of Bin x Length of Bin x Average depth of Bin = bushe l s
2.8 cubic feet per bushel
capacity
Example:

A bin 16' wide x 24' long x 10' average depth

16 x 24 x 10 = approx. 1370 bushels capacity
2.8

A bushel is defined as the quantity of wet ear corn required to shell out 56 pounds of seed at 15 . 5% moisture. In
Formula A we have used an average through the drying season of
2.8 cubic feet to yield a bushel of shelled seed.
Formula B
Bushe l s per Bin x 20 C. F.M . per bushel x number of bins to
be dryed = total cfm of air required.

TABLE

#

1

ADSORBED MOISTURE IN EQUILIBRIUM WITH AIR OF VARIOUS HUMIDITIES AT ROOM TEMPERATURE
(APPROXIMATELY 77F)
Moisture content {wet basis), in 12ercent
Aut horit y
75
90
100
30
45
Relative humidity (percent) 15
60
Barley
8.4
10 . 0
12. 1
14 . 4
19.5
26. 8
C&F
6.0
24.5
Buckwheat
6.7
9 .1
10.8
12.7
15.0
19. 1
C&F
Corn, shelled, YD
8.4
19. 1
14 . 8
6.4
10 . 5
12 . 9
23.8
C&F
Corn, shelled, WD
10.4
14.7
18.9
24.6
C&F
8.4
6.6
12. 9
Corn, shelled, Pop
23.0
18 . 3
6. 8
8.5
9 .8
12 . 2
13 . 6
C&F
Fla xseed
4 .4
5.6
7
.
9
10
.
0
15
.
2
21.4
C&F
6.3
Oats
5.7
8.0
13.8
18.5
24.1
C&F
9.6
11 . 8
Ri ce , rough
5.6
7 .9
9.8
11 . 8
14 . 0
17. 6
K&A
18 . 4
Ri ce, unde rmi ll ed
K&A
5.9
8.6
10 . 7
12.8
14. 6
Rice, polis hed
18.8
K&A
6.6
9 .2
11.3
13 . 4
15 . 6
Rye
26.7
7. 0
8.7
10 . 5
12 .2
14. 8
20 . 6
C&F
18 . 8
Sorghum
C,R&F
6.4
8.6
10 . 5
12.0
15 . 2
2 1.9
Soybeans
R&G
6.2
7.4
13.2
9. 7
W heat, white
6.7
8.6
15.0
19.7
26.3
C&F
9.9
11. 8
Wheat , Our urn
8
.
5
10.0
C&F
6.6
11. 5
14. 1
19 . 3
26.6
Wheat, soft red winter
6.3
8.6
10.6
11.9
14.6
19.7
25.6
C&F
Wheat, hard red winter
6.4
10 . 5
14.6
20. 1
25.3
8.5
12 . 5
C&F
Wheat, hard red spring
8.5
10.1
11.8
14 . 8
19 . 7
25.0
C&F
6.8
(C&F) Coleman & Fellows . Hygroscopic moisture in cereal grains. Cereal Chern . vol.III pp.275-287
Sept . 1925 . (Moisture content determined by water- oven method . )
(C R&F) Coleman Rothgeb & Fellows . Respiration of sorghum grains. usrn Tech . Bul. 100 Nov. 1928.
(Moisture deter mined by vacuum- oven method.)
(R&G) Ramstad & Geddes. The respirat ion and storage behavior of soybeans . Univ. Minn. Tech . Bul .
156, June, 1942. (Moi s t ure determined by vacuum-oven method . )
(K &A) Ka ren & Adams . Hygroscopi c e q uilibrium of rice and rice fractio ns. Cerea l Chern . , vo l . XXVI,
pp . 1-12, Jan., 1949 . (Moisture det e rm ined by forced-draft air - oven met hod . )
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TABLE

#2

Approximate amount of water in ear corn, when harvested at
different percentages of moisture content of the kernels
Kernel moisture content
Amount of water in a bushel
(percent)
of ea r corn
In kernels
In cobs
Total
{poiJndsL __ (pounds)
(pounds)
25.5
12 .4
37.9
35
20
.
3
9.9
30.2
30
18.4
8.8
27.2
28
16.6
7
.
8
24 .4
26
14.9
6.7
21.6
24
13 . 3
5.5
18 .8
22
11.8
4.4
16.2
20 .
10.4
3.2
13 . 6
18
9.0
2.1
11.1
16
7.7
1.4
9.1
14
6.5
0.9
7.4
12 .
5
.3
0.5
5.8
10
*A bushel of ear corn is defined here as the quantity that will
yield 56 pounds of shelled corn at 15.5 percent moisture.
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By using both formulas the air required for any dryer of ear
corn can be calculated. This air requirement should be on a
minimum of 2~·· static pressure. In many dryers we have measu red
as high as 4" of static pressure, but the average i s between 2~"
and 3" s ta tic pressure.
The suction system works on the principle of sucking rather
than blowing the heated air through the corn. This will conserve
fuel by reducing the loss of heated air and also permits cooling
of each bin if desired before shelling.
When considering the type of dryer needed look at the cost,
longevity, labor, versatility, present needs and future expansion
capabiliti es.
The least expensive units, considering only the initial cost,
are the round corrugated bins with a sloped floor and individual
dryer unit as shown in Diagram E - single pass recirculating . Such
bins will slightly increase the labor costs required to fill and
unload, and they have a shorter service life. However, they save
on fuel consumption and can be used to dry s hell~d material and for
bulk storage after drying . Other features are each bin can be
cooled before shelling, and because each bin has its own unit if
only two bins are filled , only two small units run instead of a
large, single unit.
The single pass and single pass revers i ng systems have slightly
less cost for the dryer building and do not need as large an air
tunnel as that necessary for the double pass and suction systems.
However, the fuel consumption for the bushels dryed is higher on
the single pass systems, and the moisture content of seed from top
to bottom of the bin can have a difference of up to 5%, depending
on depth and ambient conditions. For these reasons, the reversing
system is recommended over the straight singl e pass system .
The burners on the dryer shoul d be selected for the fuel used.
For natural or LP gas, the best burner is the NP series line burner .
It has the capability of a 25:1 turn down ratio which means that
it will maintain a flame down to a mini mum of 10°F. temperature
rise. The controls for this burner have to be selected on the
bases of local codes and insurance company requirements.
Insurance companies such as Factory Mutual, Mi l l Mutual and
Factory Insurance Association require that you have a pi l ot light
with spark ignition, flame failure indicating, separate regulators
on pilot and main flame, double safety shut-off valves with a vent
valve between them , fire alarm system, pre-purge burner timer, etc.
In other words they require a lot of sophisticated controls that
can make a great deal of cost difference . If you do not comply,
you could loose coverage. Oe sure to check these requirements before ordering the dryer unit!
Make sure that the blower will deliver the air required. Obtain a fan chart for the blower. They are not hard to read, and
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you can determine whether or not that which is being represented is true. The motor must have sufficient horsepower
for the air volume required, and the fan should be of the
backward incline, non-overloading design to prevent motor
overloading.
The dryer unit should be equipped with a fi re alarm
system that will automatically shut off the blower, burner and
controls and sound an alarm horn to protect the i nvestment in
your crop and dryer. Also, a flame-out bell or other audible
indicator can be used to indicate burner shut-down.
Shelling:
There are basically two shellers on the market today,
the Triumph and the Western . The Triumph is a cylinder sheller
which uses a perforated screen in the cylinder drum to shell.
There are three sizes available: the #14CF with separate cob
blower can shell at 1200 to 1500 bu/hr.; the #6C with cob
blower attached can shell at 500 to 600 bu/hr.; and the #3C
with cob blower attached can shell at 250 to 300 bu/hr.
The Western shellers come in several different types,
but the unit most widely used for seed is the Class A combined
sheller-cleaner. These also come in three sizes: the #2A can
shel l at 1000 to 1200 bu/hr.; the #2~~ can shell at 600 to 700
bu/hr . ; and the #4A can shell at 250 to 250 bu/hr. It is
recommended that these shellers be equipped with three motors
and drives, and they do not come with a cob blower.
Both lines of shellers should be fed to keep the shelling
cylinders as full as possible with the cylinder speed only as
fast as is required for the desired capacity. If this is not
done mechanical damage levels will be higher than necessary.
Cob Disposal: Cobs are handled by several different methods dependent on local requirements.
One method is to blow the cobs from the sheller into a
large open pile. This is rapidly becoming impossible due to
the new pollution and OSHA regulations. A second method is to
blow the cobs into a pole type metal clad building for storage.
The size of this building is determined by the capability of
your cob purchaser to remove the cobs. This building, according to location, local codes and the state pollution requirements should be equipped with a filter unit to prevent discharge of suspended particulates into the atmosphere {bee's
wings, red dog, or corn cob chaff.)
A third method is to either convey or blow the cobs into
an overhead bin for loading into trucks. Such bins should be
equipped with a filter unit if the material is blown into the
bin.
A fourth method is to convey the cobs into a wagon or
truck and haul them away .
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There is a good market, currently, for dry corn cobs
which have many industr ial and agricultural applications .
Some seed companies are being paid as much as $22.00 per ton
for these cobs.
Corn, Soybeans, Sorghum
Scalping:
We recommend that you scal p dry seed prior to bul k
storage . There are several reasons for this. One is seed can
be stored better because the trash is removed and there is
less chance for hot spots to develop. Another reason is that
in removing trash you increase bulk storage capacity through
better compacti on and , of course, the effective space is
increased by not having to store the trash with the seed.
Thi s can be as much as 10% increase.
There are air-screen sca lpers made by Crippen and Clipper ~
and also there are the gyrating or shaking screen units such
as the Clipper-Gyreen and the Triple $/Dynamics-Texas Shaker.
The Gyreen and the Texas Shaker have very high capacities,
require a low initial investment, and do a very good job of
scalping . Both of these units can and should also be equipped
with an air-aspiration unit.
Bu lk Storage:
Seed are stored by several different methods
rang ing from corrugated , flat bottom bins to the expensive,
square bolted or welded steel , clustered, hopper bottom bins .
Corrugated , round , flat bottom bins are the most common
and the least expensive. By using bin sweeps with l oadi ng and
unloading conveyors these bins can be made to be an effic i ent
and economical storage system .
A second method is corrugated or bolted steel hopper
bottom bins . These l end themselves to easier loading and
unloading and are essential ly sel f-c l eaning but more expens ive .
Another method is a bulk storage building. Such buildings
can be partitioned i nto individua l bins and loaded and unloaded
by bel t conveyor . The floors can be hoppered by steel or by
the concrete f l oor, but in both cases an underground tunnel is
normal ly required. This type storage is the most expens ive to
build initially . However, over time, through l abor savings
and length of l ife , such structures may be more economical .
To protect the seed, each bin shoul d have a let-down of either
the spiral or ladder type.
Bulk storage faciliti es should have, depending on the
area of the country , a temperature detection and aeration
system. The temperature system is used to indicate problem
areas, and the aeration system of from 1/5 of a C.F.M. minimum
to 1 C. F.M . maximum per bushel is for cool ing the stored seed.
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The conveying system to load bulk s t orage should be adequate to handle the shelling and sca lping capacity. The unloading system should be capable of supplying the cleaning
plant with seed at a greater capacity than its cleaning capacity. These conveyors should be self cleaning and not damage
the seed.
Be lt conveyors are good in the building type storage
facilitie s , and the drag chain-trough type conveyors are best
for outsi de bi n type ins t allations. Among the drag chaintrough type conveyors, we have fou nd that the Super-Flo conveyor and the Essmueller-Peerless Drag-Flite conveyors are the
best from the standpoints of being self-cleaning. damage free,
weather tight and economical.
When using drag chain conveyors for loading bulk storage,
where there are multiple di scharges, make sure the last discharge is not connected or di scharged into a bi n. Regardless
of the conveyor speed , there is always the chance that a few
seed will ride over the discharge opening. When the last
conveyor opening is discharged into a bin contamination will
result; therefore , a bag-off spout is recommended.
Again, when choosing these conveyors make su re the units
are made of the best pos sible materials and are designed for
your application.
The forego ing sections on drying and bulk storage apply to
vi rtual ly any of the seed grains .
Cleaning and Sizing:
Al l sizing plants should be capable of
receiving seed from the bulk storage system and for seed
coming in on trucks or wagons . Properly designed plants
should have at least two holding bins before the air-screen
cleaner of sufficient capacity for 10 hours of si zing plant
operation. These bins should have let-downs in them to protect the seed from damage and be self-cleaning. All bins in a
corn sizing plant should be of sufficient size to handle the
percentages of sizes establi shed from averages of previous
yea r s si zing records.
The basic cleaning machine is an air-screen machine.
This machine should have two air sys tems , the top air on the
top feed roll and a bottom air on the cleaned seed discharge.
In seed corn plants only, when the seed has been pre-scalped,
a Carter Sca lperator can be used to good advantage . Table 3
lists the screens recoMMended for cl eaning most seeds.
For sorghum, a polisher or debearder installed ahead of
the air-screen cleaner will dislo1ge the glumes. The polisher
is preferred because it is not as aggressive; however , on
very tight glume varieties the debeader may do a better job.
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Tabl e 3
SCREEN SUGGESTIONS POR COMMERCIAL AND SEED CLEAN ING
Four Screen Cleaners
Col.
Col.
Col.
Col.

1
2
3
4

-

Top Screen, Upper Sho:>e
Bottom Screen, Upper Shoe
Top Screen, Lower Shoe
Bottom Screen, Lower Shoe

COMMODITY

Three Screen Cleaners

Two Screen Cleaners

Col. 1 - Top Screen
Col. J - Middle Screen
Col. 4 - Bottom Screen

Col. 1 - Top Screen
Col. 4 - Bottom Screen

Column 1

Column 2

Column 3

Column 4

1/18

22x22
l/16d/2
l/14xl/4
l/10x1/4
28x28, 32x32
6x24
28x28

4 5x4 5
l/13
1/15

26x26, 28 x 28
1/18
1/25

SOx 50
15xl5
12xl2
17xl7
60x60
32x32
38x38

l/16, 1/18

6x4 2

l/18, 24x24

6x40

1/15, 1/16
l/19
12, 10
18
l/12
7
1/13

1/16, 20x20
l/lJxl/2
17
J/64x5/16
1/14xl/2
6x22
7, 3/64xS/16

6x40
6x34
6x24, 10 Tri
1/l6xl/2
1/16
l / 14, 1/13
6x40
l/14

Grass seed
Alkaligrass
Bah1agrass, Argen tina
Bahlagrass , Common
Bahiagrass , Pensacola
Bentgrass
Bermudagrass, unhulled
Bermudagrass, hulled
Bluegrass , Kentucky
-scalped
Bluegrass, Merion
-scalped
Blue Panic
Bromegrass, smooth
Buffa1ograss
~anarygrass, Reeds
Canarygrass, Moroccan
Ca rpetgrass

e
9
6

1/17
60x60
6x3S
6x42

8, 7

6x42
28x28
6x24
8
6x24
l/15, 1/14
32x32
16xl6

Fescue , Alta, Chowings
Xy. 31 or Meadow
Fescue, Creeping Red

3/64x5/l6
l/22xl/2

6x32
6x3?

l/22x1/2, 6
6, l/24xl/2

6x32
6x32

Harding grass
Johnsongrass
Lovegrass, Boer
Love ra ss , Lehman
Lov egrass, Sand
Lovegrass, Weeping
Orchardgrass

l/13, 1/14
8
1/25
1/20
1/20
1/24, l /25
3/64x5/l 6

6x30
l/17, 1/16
60x 60
4 0x 40
32x32
50x50
6x32

6x26
1/16, 1 22x~
SOxSO
36x36
6x3 4
46x4o, 6x46
6x32

Redtop
Redtop, Timothy from

28x 28, 30x30
30x30
16, 12

60x60, 6x60
60x60, 6x60
l/l8xl/4

1/22xl/2
1/lJxl/2
30x30
l/25, 32x32
l/23, 1 25
1/25, 6x32
l/22x1/2 Dlag.,
6
JOxlO, J2xJ2
6x34
1/lJxl/2

6

l7x17

G~u7
in~e~a
~g~r-a~s~s~~~~~----~l/7.12~~----------7
6~x~30-------------.lr/T.l~8~x~l~/r.4~~----~6~x~2~8~---------

RhOdesgrass
Ryegrass
Sand Oropseed
Side Oats Gra.ma
Sudangrass
Sudangrass, Piper

3/64x5/16
125
l/13
10
10

6xJ6
6x32
50xSO
36x36
l/15
1/13

Sudangrass, Sweet

11

1/12

1/12

l/22x~, 4xl9

J2x32, 6xJ6
4 x24
l/l 2xl/2
S- l/2/64xJ/4
1/12x1/2
6/64x3/4

sox so

SOx SO

l/18xl/4 , 9
Tri., 10 Tri.
6x34
6x32
45x45
6x60
J/64x5/16
l/20x1/2
l/18x 3/4
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Screen Suggestions !or Commercial and Seed Cleaning - cont.
CoiiiiiOdity

Column 1

Column 2

Column l

Column 4

1/12
1/20 to 1/23

l8xl8
6x36

1/14
1/21 to 1/25,
or 20x20
l/18xl/4
l /14xl/2
l/14xl/2

6x22
6x34

Grass Seed
Switchgrass, Blackwell
TiDOthy

Wheatgrass, Crested
l/16xl/2
Wheatgrass, Intermediate 1/lJxl/2
Wheatgrass, Western
1/lJxl/2

6x32, 6x30
6x20, 6xl8
6x22, 6x20

6x30
6xl8
6x20

10 Tri.
10 Tri.

Grains
Barley, plump
Barley, thin

19
16

Buckwheat
Corn, cleaning only

16
32

1/llxl/2
l/14xl/2
12 Tri.
7
12

9/64x3/4, 12 Tri. 5/64x3/4
8/64x3/4
1/llxl/2
14
JO

6/64x3/4
14
71~3~x~l-./~2~-------,1~2~------------ l/12xl/2
~He~g~ar~i,_----~--~----~1~4.--------------.l/
Millet, Browntop
7
16xl6
1/l4xl/2
6x20
Millet, Cat tail
7
16xl6
6
3/64xS/16
Millet, finch
1/12
17xl7
3xl6
4 x22
Millet, Proso
9, 8
14xl4
8, l/12xl/2
3xl6 Sp.
1/14
3/14 Sp.
Millet, Siberian
7
1/20
6
1/15
Milo, Maize
14
1/lJxl/2
12
l/12x1/2
Oat~, very large
24
1/16xl/2
13/64x3/4
1/14xl/2
12 Tri.
oats, large
l/16xl/2
ll/64x3/4
l/14xl/2
24
12 Tri.
O&ts, small
1/16xl/2
9/64x3/4
l/14xl/2
18
12 Tri .
oats, Bonda,
1/13x1/2
9/64x3/4
18
1/12xl/2
Rodney, etc.
12 Tri
oats, Clinton
l/lSxl/2
9/64x3/4
18
1/14x1/2
12 Tri
Aj ax , etc.
1/18x3/4
7/64x3/4
1/16xl/2
oats, Mo. 0-205
18
11 Tri.
l/18x3/4
Rice, unhul1ed,
14, 12
6, 6-1/2
12, 7/64x3/4
l/15xl/2
long grain
l/16xl/2
Rice, unhulled,
l4
6 , 6-1/2
12, 8/64x3/4
1/llxl/2
short grain
1/14xl/2
Rice, hulled
14
15xl5
12
14xl4
12
l/18x3/4
12, 7/64x3/4
1/16xl/2
Rye
Rye, Florida Black
l/22xl/2
ll
3/64x5/l6
12
Sorgo, Atlas
1/llxl/2
10
12
l/12xl/2
Whea t, plUIIIp
16
S/64x3/4
14 , 9/64x3/4
SG/64x3/4
12 Tri.
6/64x3/4
Wheat, thin
14
1/14xl/2
12, 8/64xJ/4
1/llxl/2
11 Tri.
Wheat, OUrUIII
5V64x3/4
16
18
6/64x3/4
12 Tri.
10/64x3/4
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Screen Suggestions for Commercial and Seed Cleaning -cont.
Commodity

Column 1

Column 2

Column 3

Column 4

12
30
24
20

l/15xl/2
14, 16
14, 16
9/64x3/4

10
28
22
18

22

9/64x3/4

20, 18

40
1/12

36
1/14

8
7

12/64x3/4
6x22
6x20
1/12
l/13
l/14

l/l4xl/2
8/64x3/4
8/64x3/4
9&,/64x3/4
10/64x3/4
9&,/64x3/4
10/64x3/4
l3/64 x3/4
6x21
6xl8

14
18

8
8

6

17x17

Miscellaneous
Cane
Coffee, unhulled
Coffee, hulled
Cottonseed, aciddelinted
Cottonseed,
mechanically delinted
Cottonseed, undelinted
Dichondra, hulled
Dichondra, unhulled
Flax, large
Flax, medium
Flax, small
Xonaf
Safflower
Sesame
S~ll

8
9

7

3/14 Sp.
3xl6 Sp.
3/17 Sp.
8/ 64x3/ 4
ll/64x3/ 4
l/20xl/2

l/14xl/2
6/64x3/4
1/16, 6x24

38x38

l/14, 3/64x5/16
l/19
l/22xl/2
l/18xl/4
9 to 14
l/16xl/ 4
1/13
9/64x3/4
l/18xl/ 4
1/13
l/14xl/2
l/l5xl/2
l/12xl/2
8/64x3/4
22x22

6x24
6x32
6x24
6x24
6x24
6x20
6x22
l/12
6x24
6x22
6x22
6x20
7-1/2, 8
l/l3xl/2
6x.38

20x20

3/64x5/16

6x24

20x20
20x22
20x22
18xl8
18xl8
22x22
26x26

l/1 4xl/4
16xl6
16x16
l/13
1/1.3, 1/1 4
3/64x5/l6
1 21, 1/22

6x24
6x26
6x26
6x20
6x20
6x24
6x32

l/15

l/13xl/2

4xl6

1/15

l/12xl/2

4xl6

1/17

6xl5

1/16, 1/15

6

l/12
1/13

Legume Seed

Alfalfa
1/12, l/14
Alsike Clover
1/18
Alyce Clover
1/16
Beggarweed, hulled
1/12
Beggarweed, unhulled
14 to 20
Berseem clover
1/13
Bur-clover, hulled
1/12
Burnett
14
Button clover
7, 6
Crimson clover
6
Crota1aria, Giant Striata 8
Crotalaria, Intermedia
6
Crotalaria, Spectabilis 14
Guar
12
1/25
Hop clover
Hubam sweet clover,
hulled
1/16
Kubam sweet clover,
unhulled
7
Indigo, blanket
1/15
Indigo, carpet
1/15
Indigo, early
1/12
Indigo, Hairy
l/12
La
clover
l/16
Ladino clover
1/20
Lespedeza, bicolor,
7
hulled
Lespedeza, bicolor,
unhulled
14
Lespedeza, common
unhulled
6

20x20
24x24
20x22
18x18
18xl8
17xl7
20x 20
l/l4xl/2
17xl7
20x20
14xl4
l6xl6
7, 7-1/2
7
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Screen Suggestions for Commer cial and Se ed Cleaning - co nt.
COIIIIIOdity
Lespedeza, co1111110n
hulled
Lespedeza , Kobe
unhulled
Lespedeza, Kobe, hulled
Lespedeza, Korean
unhulled
Lespedeza, Korean
hulled
Lespedeza, Scric ea
unhulled
Lespedeza, Scricea
hulled
Madr1d sweet clover
hulled
Persian clover
Red c l over
Sanfoin, hulled
Sanfoin, unhulled
Sesbasia
sour clover, melilotus
Indica, hulled
SOur clover, Melilotus
Indica, unhulled
Sub clover
Sweet clover, hulled
Sweet clover, unhulled
Trefoil, Birdsfoot
Trefoil, Yellow or Black
Medic, hulled
Trefoil, Yellow or Black
Medic, unhulled
Whi t e clover

Column 1

Column 2

Column 3

Colwnn 4

l /14

6x24

3/64x5/16

1/18

8, 9

l/12

1/ 14
6x 22

l /18x3/4
3/64x5/ 16

1/14 , l/12
l/16

6

1/17

6xl5

1/16

1/14, 1/15

6x24

3/64x5/16

1/18

7

1/16

l / 18x3/4

l/15

1/16

22x22

3/64x5/l6

6x26

1/15
1/18
1/14 , 1/15

22x22
22x22
20x22
12xl2

1/16
1/19
1/15 , 3/E4x5/16
4x8-l/2
10/64x3/4

6x26
6x30
6x24, 6x22
6xl4
l / 12xl/2
l/18x3/4
6x24

9

20
10
1/14, 1/15

8

1/12

20x 20

1/ 15
3/64x5(16
l/18xl/ 4

10
1/14, l/15
7
1/16
1/17

l/22xl/2
20x22
20x22
22x22
20x22

3/6 4x5/16
l/14x l/4
3/64x5/16
3/64x5/16

4xl6
6x24
6x24
6x24
6x30

6

18xl8

l/18x3/ 4

6x30

1/ 19

24x24

l/20

6x32

32
26
30
32
56
56
22
26
24

1 4/64x3/4
10/64x3/4
l3/64x3/ 4
17
24
16
10/64x3/4
9/64x3/4
ll/64x3/4

30
24
28
30
48
48

l6/64x3/4
11/64x3/4
14/64x3/4
19
26
20
ll/64x3/ 4
l0/6 4x3/4
1 2/64x3/ 4

l/18xl/ 4
20x 20

9, 8

7

6x24

Large Legume Seed
Edible Beans
Cranberry beans
Great Northern Beans
~dney , red beans
Li..ma baby beans
LimA, l arge beans
Lima, regular beans
Navy Pea Beans
Pinto beans
Yelloweye beans

20

24

22
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Screen Suggestions for Commercial and Seed Cleaning Commodi t y

Column 1

Column 2

kont.
co11.111n 3

Column 4

Soybeans
Arksoy, Black H~w,
Clemson, Lincoln, Perry,22
10/64x3/4
20
ll/64x 3/ 4
Ralsoy & s-100 soybeans
10/64x3/4
22
11/64x3/4
Hawkeye & Ogden soybeans 24
Kingway soybeans
20
12, 11
18
7/64x3/4
Laredo soybeans
16
10, 10-1/2
9/64x3/ 4
l/12x1/2
l~redo, small Tenn.
12
9-1/2
7/64x3/ 4
S/64x3/ 4
Mammoth brown
26
l l/64x3/4
24
12/64x3/4
18
11
ll/64x3/4
6/64x3/4
Red Tanner
Virginia Brown
------~1~8~-------------710~-~l~/~2~,~1~1______~1~6~-------------'~/~67.4~x~3~/~4~
Wilson
18
12
17
6~/64x3/4
Woods Yellow
28
12/64x3/4
26
l 3/64x3/4
Other Beans
Hung beans
Velvet beans
Velvet beans, Osceola

14
34
40

7

19
24

13
32
36

8/64x3/4
9/64x3/4
13/64x3/4
16/ 64x3/4

Lupines
Blue Lupine
White Lupine
Yellow bitter Lupine
Y~llow sweet Lupine

24
22, 20
20
26

9/64x3/4
12
12
12

21
20, 13/64x3/4
12/ 64x3/4
24

10/64x3/4
7/64x3/4
6/64x3/4
6/64x3/4

9/64x3/4
10/64x3/4

10/64x3/4
1l/64x3/4
6/64x3/4
9/64x3/4

Peas
Austrian Winter peas
18
Blackeyed peas
26
Caley or Wild Winter peas 14
Canada Field peas
20

8/64x3/4

17
24
12
18

Cowpeas, large
Cowpeas, medium
Cowpeas, small
Cream peas
Pigeon peas

22
18
14
24
24

12
10, 11
9
8/64x3/4
9/64x3/4

21
16
12
22
23

ll /64x3/4
9/64x3/4
8/64x3/4
10/64x3/4
l0/64x3/ 4

18
14
14

10, 12

7/64x3/4
12
13

10, 1 2
6/64x3/4
6/64x3/4

5~64x3/4

76~4~x~3~/~4
c~~h~ic~k~p~e~a~s~,~Ca~r~ba~n-z_o_s--~3~0~------------~17
1~/6~4x~3~/~4~------~2~6~------------~1~2/

Miscellaneous
Large Legun~es
Lentils
Vetch, Hairy
Vetch, Purple

5~64x3/4

SV64x3/4
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Soybeans- From the cleaner, soybeans go to the spiral separators.
There are three models being manufactured, the Krussow by
Clela nd Mfg.; the Hagan by Hagan Mfg.; and a new unit by AgMachinery. Ag-Machi nery also manufactures a new device, which
can be insta lled on any spiral separator which can be adjusted
to improve the separation ef ficiency and give greater capacity
per double unit.
The noise level of a spiral separator is very high;
therefore, they should be enclosed in an insulated room,
or a product that deadens the sound should be applied. This
product can be applied directly to the bottom side of the spirals or to the inside of the enclosure. This noise must be
deaded due to new OSHA noise regulations .
Ag-Machinery also makes a unit that i s completely enclosed . These units have the sound deadener applied, adjustable fingers with controls to be operated from the outside and
a plexiglass door for observation. From the spi rals the seed
could move to the treater if seed treatment is desired, and/or
to the bagging bins which are discussed later.
Sorghum - From the cleaner, sorghum seed go to the gravity separator. There are three manufacturers of gravities , Oliver,
Triple S/Oynamics and Forsberg . The Oliver is a good light
duty machine but is sometimes harder to adjust and keep adjusted . It discharges chaff and dust into the plant unless
equipped with additional fan and deck hood cover .
The Triple S/Oynamics machine (Sutton, Stee le and Steel e)
is a very heavy industrial machine. It is expensive in compari son to other brands ; however, it wi 11 1as t for a very 1ong
time and do a very good job .
The Forsberg machines utilize either forced air and
vacuum. For seed use, we recommend the vacuum machine. This
machine is fu lly enclosed and does not di scharge any dust or
chaff into the plant. It is very easy to adjust and will
remain at whatever setting you have made. With the energy
crisis, pollution laws and OSHA , it is very important to keep
your plants clean, safe and if heated, not to loose the heated
air . The Forsberg machine can be eq ui pped with a closed
circuit Ai rcycle which filters the discharge air from the
gravity and returns it to the machine. From the gravity,
sorghum seed proceed to the treater.
Corn - From the cl eaners corn seed are moved to the "sizing" equipment. All sizing operations should be based on sizi ng records,
when available , to assure the proper machine can be selected
to give you the maximum capacity flow under all conditions .
The higher the percentage of seed that pass over a given
screen, the lower the capacity, and the lower the percentage
over the screen, the higher the capacity.
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It is best to make the width separation (round hole)
first, because the percentage mix in widths is not as important or as great. Normally speaking, companies try not to
have more than a 3/64-inch range in any one width size.
The next operation is the thickness separation (slot
hole) to separate the round and flat grades. The se lection of
the screens for different sizes depends on planter plate
recommendations which should be carefully determined for best
plantability.
The final sizing operation is for length. This operation
is the only one in sizing that is not a precise dimensional
s1z1ng . Rather it is determined by visual inspection. Length
sizing is also quite important for plantability. Depending on
the inbred lines being used in single cross hybrids, some
varieties have very long, narrow kernels and should be length
graded twice for best results in planting. It is al so very
important in length sizing that the seed in the cylinder be
kept at a consta nt level . The retarder doors must be set to
hold the seed at the proper level in the cylinder, and this
level should be maintained except at cleanout. All of the
above equipment should be based on the sizing records of
specific varieties to select the machines capable of sizing at
the hourly capacity desired and to properly determine the size
of holding bins needed for the sized corn.
From sizing operations corn seed move to aspirating and
gravity separati ng equipment. In my opinion the best aspirator for seed corn is the Superior Fractionating Aspirator .
There are two models having capacities of 110 bu. or 300 bu/
hr. For the best results 15 to 20% of the seed introduced
into the aspirator are lifted. The liftings are then conveyed
to a gravity separator for precise separation with the good
seed continuously returned to the seed not lifted by the
aspirator . This not only does a better job but will increase
capacity.
Treating:
There are three major manufacturers of seed treaters:
Gustafson, Panogen and Corn States. Gustafson units use the
Mist-o-Matic disc treatment applicator in conjunction with a
film coater or polishing drum. By use of a weight box and
metering cups the treatment is applied by a misting action and
then distributed over the seed.
The Panogen unit app l ies the treatment as a slurry (or
liquid) into the round polishing drum and has been primarily
used in the sorghum industry.
The Corn States unit uses a hexagonal shaped polishing
drum and does not require cups , weights, etc. but pumps the
treatment through a set of valves that are adjusted for the
level of treatment des i red. This gives the operator the
opportunity to increase or decrease the level of treatment
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visually for the desired results.
Packaging:
A minimum of two bagging bins, more if the circumstances dictate, are recommended. Bagging scales are of many
sizes, shapes, capacities, capabilities and come from fully
automatic to a sma l l semi - automatic units. Cost can run from
approximately $4000.00 to $40,000.00 for a complete system.
The type of unit needed is dependent on specific needs .
There are many manufacturers of scales, such as HoweRichardson, Bemis, Red Oak, Taylor, Fischbein , etc., and most
of them also make bag conveyors, sewing machines, etc. It has
always been our recommendation that you consult with your
local scale representative for your needs due to the many
variations and applications of the scales .
There are also several bag conveyors, sewing heads, and
bag closing devices from hand operated to automatic . The most
satisfactory sewing units on the market today are Fischbein,
Union Special and Doughboy.
Warehousing :
From the sewing machine the filled bags are moved
to the warehouse either by automatic conveying, palletizing,
hand truck, or any combination of these. Most companies today
use fork lift trucks and are palletizing the bagged seed by the
use of either wood or paper pallets. This area also must be
planned for your needs for best results .
The warehousing space should be designed for your specific needs, utilizing order make-up areas, alleyways and/or
aisles, palletizing area, docks, etc. This normally figures
out to be four to five bags per square foot average based on a
16 foot side wall height warehouse.
Sizing Plant Conveying: All horizontal conveying of seed in the
sizi ng plant should be with vibratory conveyors. This is recommended, because they are self-cleaning, damage free and can
be designed to do almost anything except convey material on an
incline or vertically. There again are many vibrating conveyors on the market , but we believe the Overstrom by Triple
S/Dynamics and the Webster units are the best.
Vibratory conveyors are of essentially two types: balanced and unbalanced . The bal anced units can be suspended or
supported on very light supports because they have offsetting
weight forces which eliminate the vibrating forces . Such
conveyors require the supports only strong enough to support
conveyor and seed weight. The unbalanced units must be rigidly
and solidly secured to a concrete floor or steel structure,
because they have no offsetting weights to dissipate the
vibrating forces.
Both types are made in 12" wide to 60'' wide troughs and
can convey from 500 to 10,000 bu/hr. Units can be made with
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multiple inlets and outlets, split troughs, screens, etc. The
variations are limitless.
(Elevators and spouting are not covered in this paper).
Dust Control:
As mentioned before, due to new pollution laws
and OSHA requirements, it is very important to have a dust
collecting and filtering system . By use of filtering units,
it is possible to heat a sizing plant and not worry about the
loss of heat from the air handling equipment, because the
filtered air is returned into the plant.
Again, it is quite important that you consult with a professional firm in designing your dust system as there are many
kinds and design practices that have to be followed.
When
treatment
system as
untreated
has to be
treatment

desi gning the dust control system, be sure the
dust is not collected or discharged into the same
the rest of the plant dust. This is because the
dust can be sent to a dump, but the treatment dust
buried, and most landfills or dumps will not al l ow
dust to be dumped.

Most cleaning and sizing equipment have a1r outlet connections provided for dust collecting and also recommend the
amount of air required for each machine. All elevators should
have a head vent dust collection connection and, if they are
over 50'-0" high, there should also be a connection on the
boot.
Filter units come in any size required and are being
manufactured by several companies that have been in this business for many years. To make them work effectively the dust
system must be properly designed and engineered .
The first step in designing a dust system is to contact
the local State Department of Environmental Quality and obtain
copies of the regulations that must be followed. In the State
of Iowa the regulation for suspended particulates is 0.1
grains per cubic foot of air discharged into the atmosphere.
For example, if a fan delivers 5000 C.F.M. the maximum al l owable emission would be 500 grains per minute or 4.28 pounds
per hour. Each state has different requirements. Most states
require a construction permit prior to building and an operating permit after it has been inspected. If the regulations
are not met severe penalties can be applied.
Wherever possible, the discard materials should
Discard Handling:
be handled by gravity flow; however, if this is not possible
any means of conveyance i s acceptable, even the use of augers .
We, however, have been using and installing pneumatic systems,
because less space is required, convenience, maintenance and
fewer breakdowns. These systems can be designed to bend
around corners, lift vertically, convey horizontally and do
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almost anything that is requi red. The discard material is
introduced into a 2 or 3 inch diameter line by an airlock and
pumped pneumatically to a small cyclone. These lines can have
as many inlets as required but in some cases it may be more
economical to have two systems instead of one .
The pneumatic discard system is mo re expensive initially,
but over the years through saving in maintenance and replacement costs it will pay for itself.
Re-bagging Operation:
Re-bagging seed products can be a real
problem. Normally, the minimum equipment required is a bagger
and scale; however, other equipment may be required as the •
condition of the seed dictates. Usually an aspirator or
gravity separator, a treater and a bagger with scale are
required. This makes it possible to clean up the chips ,
cracks, etc., re- treat the seed and re-bag it.
In any case, the re-bagging operation should be divorced
from the main plant and should have a good treatment dust
collecting system . The dust collecting should start at the
bag dump with a hood over the dump to collect the dust . This
is very important, not only from a personnel standpoint but
also for cleanliness.
We have designed and built some re-bagging operations
where the customers have wanted a round hole sizer, slot hole
sizer, length sizer, aspirator or gravity separator, treater
and bagger. Depending on the requirements, re-bagging facilities can be as elaborate or as inexpensive as needed.
Summary:
In conclusion, remember seeds are a living product and
all steps should be taken to keep them alive, free of contamination with as fool proof a system as can be designed.
Quality control procedures should be set up ' for all phases of
the plant with plantability tests, and germination and moisture evaluations . The laboratory set up can be as elaborate
or inexpensive as necessary.
No matter what size plant or its' requirements, you
should call in a professional firm to assist you in designing
your facility for your present and future needs. These firms
are constantly building, designing, and seei ng plants all over
the country and can bring you up t o date on the latest technology and product lines. The only way you could afford not to
do this is if you are maintaining a large engineering staff of
your own and even then a certain amount of outside assistance
and information is required.
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BASIC SEED PROCESSING
James C. Delouche

11

One of our seed producers has for many years taken great pride in
the fact that most of his soybean seed lots easily meet certification
standards for purity, \lleed seed, and germination before processin9. He
is somewhat of a fanatic on weed control and harvesting . His seed
fields are immaculate and harvesting is so carefully managed that the
comine-run seed are cleaner than many producer's seed after processing.
He practices preventive processin9.
Preventive Processing
If all seed producers were equally fanatic about weed contro l and
harvesting, and I should add, blessed with highly fertile, level, uniform land - seed processing would be a breeze. Unfortunately , most seed
producers do not or cannot achieve the results of our exemplary seedsman, and have to depend heavily on processing to bring their seed up to
acceptable standards.
Seed processing has become increasingly important with the advance
in level of mechanization of crop production, harvesting, and handling
operations. When seed and grain were hand harvested and threshed - as
they stil l are in some countries - they were much cleaner than after the
introduction of the stationary thresher. In turn, seed and grain from a
stationary thresher were much cleaner than those harvested with a
combine. The combine is incredibly efficient but not very selective. It
gathers and more-or-l ess threshes everything in the field - the crop,
weeds, ant hills, insects, crayfish mounds. I used the term "more-orl ess threshes" because some of the materi al i s not threshed (pods,
heads,) while other material is over-threshed (fragments, splits ) . As a
consequence of the efficiency of modern harvesting equipment, the
threshed product is a mixture of good seed, unthreshed material, broken
seed , pieces of stems and leaves, dead and crawling insects, pebbles,
soil peds, and sometimes a few unmentionable things . The nature and
quantity of the extraneous material mixed with the seed determines the
need for and coml exity of processing . In the case of our exemplary seed
producer, basic cleaning is sufficient to raise the physical purity of
the seed to the highest level . For other seed producers, however, even
complex and costly processing fails to up-grade the physical purity of
some lots to an acceptable l evel.
One of our "old timers " usually starts a talk on seed processing
with the statement that, "the best piece of processi ng equipment is a

11 Agronomist - In Charge, Seed Technology Laboratory, MAFES.
(Based on articles published in SEEDSMEN'S DIGEST during 1977 and 1978).
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hoe." Despite the antiquity of the idea expressed, it contains a gem of
truth. An effective weed control program is the best way to eliminate
weed seed problems. And, there are many other things a seed producer
can do to improve the cleanliness of combine-run seed, thus reducing
processing costs and losses.
When technically and economically feasible, land leveling and the
installation of good drainage improves the uniformity of seed fields and
facilitates weed control, other cultural practices and harvesting . In
cases where the desired degree of uniformity cannot be achieved, roguing
or spot sraying of weeds and selective harvesting can eliminate many
processing problems. Poorly drained, drouthy, and thin stand areas are
usually overgrown with weeds . Harvesting them along with the better
areas is simply asking for trouble. The problem areas should be bypassed, harvested later, and either marketed as grain, or marked as lots
requiring special processing.
Timely harvesting, proper adjustment and operation of the combine
will produce a cleaner product with a minimum of mechanical damage .
These things, of course, can be much more easily accomplished when the
seed fields are uniform, well drained, and free of weeds.
The equipment and procedures used for loading and unloading grain
wagons and bulk bins can be a source of processing problems . Seed lots
high in mechanical damage are difficult to process , seed losses are
high, appearance is poor and germination is reduced.
Preventive processing requires good management of the entire seed
operation. Management must wean its self from near total dependence on
seed processing to achieve desired quality standards. Preventive processing involves all the steps and actions mentioned above and all other
economically feasible actions and procedures that will minimize the need
for processing and prevent processing probl ems.
Although, I'm not aware of any strict economic studies on the cost
effectiveness of preventive processing, it must be very high. Just
consider the costs and losses involved in having to re-run seed through
the basic cleaner, or use of several finishing machines, or of having to
re-process packaged seed, or "dump" seed because of failures to achieve
acceptable purity standards. Even when minimum purity standards are
achieved such seed are hardly of the type that will enhance a seedsman's
reputation with customers.
The purposes of preventive processing are to minimize the need for
processing and to prevent processing probl ems . It permits achievement
of high purity standards, reduces processing costs, and minimizes seed
losses. It should be the foundation of a seedsman's quality assurance
program.
Pre-cleaning and Pre-conditioning
Pre-cleaning or scalping of incoming seed before loading into
drying or aeration bins reduces the resistance of the seed mass to the
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flow of air, increases the rate of drying, reduces power and fuel consumption, and contributes to insect and storage mold control.
Several types of pre-cleaners and scal pers are available . The s impliest types are the single, flat , vibrating screen and the si ngle ,
"reel " scalpers. These scalp- off and remove the large trash, which may
be sufficient for certain kinds or lots of seed. Other types of scal pers have features which permit removal of a greater portion of the
contaminants. Scalpers or pre-cleaners with two or more flat vibrating
screens and an air system can remove large, smal l, and light materia l
from the seed mass . Reel type scalpers with aspiration do a similar
job.
The maximum benefits from pre-cleani ng/sca lping are achieved when
the operation is do ne during receiving before l oading into drying or
bulk storage bins. The pre- cleaner/scalper should have sufficient
capacity to "keep-up" with the main receiving elevator. Si nce precl eaning or scal pi ng produces a lot of trash and some dust, provisions
for efficient removal and disposal of the trash, and coll ection of the
dust are essenti al.
An alternative locati on for the scalper is just ahead of the basic
air-screen cl eaner, i.e., between bulk storage and the bas i c cleaner.
In some cases this arrangement is satisfactory even though the full
benefits of pre-cleaning/scalping are not realized.
Some kinds of combine-run seed have appendages, or contain incompletely threshed, multi - seeded units whi ch interfere with the f l owabi l ity of the seed, make cleaning difficult, and cause excessive cleaning losses . Pre-conditioning the seed to comp letely break apart the
mul ti-seeded, incompl etely threshed material and to remove the appendages is desirable and often necessary before basic cleaning.
One of the most widely used "pre- conditioners " i s the debearder.
Seed fed into the debearder are vigoro usly agita ted and rubbed together
by stationary and rotating beater bars which completes t hreshing and
breaks off the appendages. "Debearded" seed flov1 more freely, are
eas i er to clean , have a higher vol ume weight (test weight), and losses
of good seed are reduced. Some uses of the debearder are: to remove the
beard from barl ey seed and the chaffy tip from oa t seed (clipping}; to
break-up f l ax ball s; to de-spine carrot seed; and to de-awn water grass
seed in r ice. The good seed and other materials are separated during
basic c l ea ni ng .
Remova l of the hull s of some kinds of seed changes their s ize
suff i cientl y to permit separati on of certai n weed seed which otherwise
cannot be removed. The hulling is accompl ished in a hull er-scarifier.
These procedures are especial ly appl icable to some of the lespedezas .
The huller-scarifier , of course, i s a l so used to reduce the percentage
of hard seed i n al falfa, the clovers, and other kinds of seed which have
seed coats impermeable to water.
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Pre-cleaning are pre-conditioning are essentially preparative steps
for basic cleaning. They increase the effectiveness and efficiency of
basic cleaning and the more specialized cleaning and grading operations.
The physical properties of the good seed or contaminants may be altered
in ways that permit their separation. Removal of a good portion of the
trash and contaminants by pre-cleaning permits closer scalping and
grading with the basic cleaner and increases capacity.
Processing plants without a pre-cleaning and pre-conditioning
capability when needed are handicapped. The installation of pre-cleaning equipment will usually pay for itself in a few years just by reducing the time and labor spent in re-cleaning seed lots. The additional benefits of a cleaner, more attractive ~ customer-appealing product are a big bonus.
Basic Seed Cleaner and Principles
All seed lots require additional processing - beyond pre-cleaning to prepare them for marketing . The type and degree of processing used
is determined by the characteristics of the seed lot to be processed and
the processing objectives. The primary objective of processing (cleaning) is to clean the seed to a desired level of purity. Additional
object ives include: pre-conditioning of the seed for storage or to
facilitate basic cl eaning; improving plantability, e .g., sizing; upgrad ing or improving germination; and improving appearance. Except for
pre-conditioning, the other objectives are generally pursued after the
primary objective has been achieved. The first step toward the primary
objective is basic processing or cleaning.
The Air and Screen Cleaner
Basic seed cleaning is accomplished with the air-screen cleaner.
The air-screen cleaner is an effective, efficient and versatile seed
cleaner incorporating several of the commonly used principles of seed
separation . In some cases, the air-cleaner is all that is needed to
clean seed to desired quality standards. t~ore often, however , one or
more additional cleaning operations are necessary .
The modern air-screen cleaner evo l ved from the hand-operated fanning mills of yesteryear , which in turn represented an intermediate
level of mechanization to hand winnowing and sieving - cleaning procedures of very ancient origin and which are still used in many of the
underdeveloped countries . Nodern air-screen cleaners are available in a
variety of sizes and capacities ranging from small, two scree n~ "farm"
types to high capacity models with 3, 4, 5, or more screens, and 1 to 3
or more air systems. The small , low capacity cleaners are widely used
in breeders and foundation seed programs and on farms to clean relatively small quantities of seed. Most high capacity seed cleaning is
accomplished with 3 to 5 screen machines with 2 to 3 air systems.
Compared to other sorts of seed cleaners , the air-screen machine is
extremely versatile and has a relatively high capacity. ~1ost of the
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other sorts of cleaning machines make only very specific two-way separations, e.g., rough textured from smooth seed; short from long material
or seed. The air-screen machine, however, makes multiple separations
based on differences in gross size, width, thickness, shape, and weight
or terminal velocity.
The components of an air-screen cleaner are: a feed hopper for
controlled and uniform feeding of material into the cleaning section of
the machine; screens or sieves which are fitted into an inclined frame
or "shoe" - usually two screens per shoe; a mechanism for shaking or
vibrating the shoe - eccentrics; and an air system - usually two, top
and bottom, consisting of a fan(s) and an air chest or expansion chamber. Several other mechanisms or components are incorporated in the
air-screen cleaner to permit adjustment of the "rate of shake" of the
shoe(s), the inclination of the screens, air velocity, to keep the
screen perforations open, i.e ., brushes, tappers, etc., and to col l ect
and convey the material separated in the machine to the outside.
The effectiveness and efficiency of the air-screen cleaner is
greatly influenced by the rate of feed, air velocity adjustments, screen
selection and arrangement, the number of perforations that remain clear,
the rate of shake, the inclination of the screens, and the use or nonuse of several techniques for precision cleaning of seed. The operator's manual for the various makes and models of air-screen cleaners
provides basic information on adjustments, screen selection and arrangments for cleaning different kinds of seed, and on maintenance. It
should be recognized however , that the recommendations given are of
necessity based on average characteri stics of lots of a seed kind and
average experiences in cleaning them. They are intended as a starting
point and not as an all-purpose perscription. Individual seed lots of a
kind can vary' widely from the average depending on the variety, the area
grown, the year, and so on. Good, experienced processors, therefore,
"set-up" the air-screen cleaner on the basis of an examination or analysis of the seed to be cleaned.
Pre-processing Examination and Analysis
The pre-processing examination can be as simp l e as hand sampling
the lot and spreading the seed on a clean, smooth surface under a good
light for visual examination, or it might involve a complete purity
analysis and noxious weed seed examination by a seed testing laboratory.
In either case, the purpose is to determine the types and quantities of
contaminants that need to be removed to achieve desired purity standards. Special attention should be given to very undesirable contaminants such as weed seed, especially those that are close in size, shape,
and weight to the pure seed, and, hence, will require very precise
adjustments to remove, or the use of more specialized seed processing
machines.
A very experienced processor with good knowledge of crop and weed
seed identification can usually reach a decision on screen selection and
arrangement for the major kinds of seed processed on the basis of visual
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examination alone. Less experienced and expert processors , however,
should supplement visual examination or a purity analysis report with
the use of hand screens. Hand testing screens are available in the same
perforation types and sizes as are the cleaning screens. A small invesbnent in a set of hand screens covering the range in perforation
types and sizes used for the kinds of seed handled provides the best
bas i s for screen selection and arrangement .
The use of hand testing screens to establish the "set-up" for an
air-screen cleaner to clean a lot of seed requires some basic understanding - on the part of the processor - of cleaning sequences in
multi-screen and air machines , and the function and characteristics of
the several screen types (perforated metal, woven wire), perforation
shapes (round, oblong or rectangular, square, tria ngu lar), perforation
orientations (parallel, cross, diagonal) that are available , and the
methods used to designate dimensions of the screen openings . If a processor does not understand the principles of sieving and the bases for
screen selection and arrangement in seed processing, hand screen analysis and visual examination are of little value. He will have to set- up
the air-screen cleaner according to the directions given in the operator's man ual and hope that the seed lot cleaned is average.
Screens and Screening
The effectiveness and efficiency of the air-screen cleaner are
largely dependent on proper selection and arrangement of the screens,
and adjustment of the air systems. Two basic types of screens with
several perforation (opening) shapes are used.
Flat erforated sheet or late metal screens are available with
round circular openings, oblong slotted openings, e .g., "rectangular" openings with rounded ends, and triangular openi ngs. For screens
witn oblong or sl otted openings, the l ong dimension of the slot is
typically parallel to the direction of flow of material over the screen.
A "cross-slot" arrangement , however, is also available in a limited
number of sizes. The long dimension of the openings in a cross -slot
screeen are at right angles to the direction of flow .
The sizes of round openings in perforated metal screens are measured - and designated - in terms of the diameter of the opening . For
openings 5~64-inch or greater in diameter, the sizes are expressed in
64th of an inch using only the numerator of the fraction . Thus, No . 6
and No. 18 rou~d hole screens have openings 6/64ths-and 18/64-inch in
dia1neter, respecitively. For round hole screens with openings less than
5~~64ths inch in diameter , the size of the opening is measured in fractions of an inch using the full "fraction" , e.g ., l/l2th , l/l3th . ... . .. .
l /25th inch . The method of meas urement and designation of screens in
the smalles t size range changes from 64ths of an inch to fractions so as
to permit a finer gradation in size without having to resort to complex
and cumbersome numerators for 64th-inch fractions .
The sizes of oblong or slotted openings are designated in terms of
width and length of the opening. The width designations are simi lar to
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those for round openings, i . e. , openings 6/64th of an inch wide or
greater are designated in 64ths of an inch using only the numerator ,
while openi ngs less than 6/64ths- inch wide are designated in fractions
of an inch. The length of the sl ot i s designated in fractions of an
i nch. Common lengths are 1/4-, 5/16- , 1/2-, and 3/4-inch. In designati ng the size of slotted openi ngs the width is l isted fi r st. Thus , a
screen designated as 6 x 1/2, has opeinings 6/64ths-inch wide and 1/2inch long.
Two systems are used for measuring and designating the size of
triangular openings . In one system the s i ze is designated as the
l ength of the side of the triangle, which is equilateral, in 64ths of an
inch. The numerator is usuall y followed by the word TRI. Thus, a 9 TRI
screen has triangular perforations measuring 9/64th-inch along each
si de . The other system measures and designates the size of the triangul ar opeining in terms of the diameter of the largest circle, in
64ths of an i nch, which can be inscribed (fitted) within the triangular
opening. The nume rator is usuall y followed by the letter V, e.g., 5V,
7V, etc.
The second type of fl at screen used in seed cleaning is the wiremesh screen . Woven wi re mesh screens are available with square and
rectangul ar openings . The sizes of both open ing shapes are meas ured and
designated i n the same manner, the number of openings per inch i n each
direction. A 16 x 16 wire mesh screen has 16 square openi ngs per inch
in each directio n, while a 4 x 16 wire mesh screen has 4 rectangular
open ings per down the length of the screen and 16 rectang ular openings
per inch across the screen .
The choice of screen type - perforated meta l or wire mesh - depends
on the s i ze and shape of the seed to be cleaned, the "cl oseness" in size
and shape of the contaminants to the ''good'' seed and other factors.
Wire mesh screens wear and "tear" more rapidly than perforated metal
screens and require constant repair and/or rep l acement to do a good job
of cleaning. On the other hand, the number of open ings per unit area,
hence opportunities for separation, is much greater in wire mesh screens
that perforated metal screens with openings of equiva lent s ize . Furthermo re, the "irregular" surface of woven wire -in contrast t o the smooth
surface of a perforated meta l screen - agitates the seed mass permiting
a cl oser and better job of "sifting" . The greater number of openings per
unit area and the surface irregularity of wire mesh screens make them
especially useful in cl eaning some of the sma l ler seed.
Screens with round, square, and tria ngular openi ngs separate seeds
or other particles on the basis of differences in width (flattened
and/or elongated seed) or diameter (spheri cal and "roundish " seed).
Obl ong or slotted and rectangu lar wire mesh openings separate seed on
the basis of thickness (or thinness). The differences between the
thickness and width dimensions of a seed can be illustrated with corn
seed. The dimensions of a corn seed are length (tip to top), width
(side to si de) and thickness (front to back). Wide kernels of corn are
separated from narrower kernels with rou nd hole screens of appropriate
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size , whil e thick kernels are separated from thinner kernels with a
screen with oblo ng or rectangular openings .
Although most separations made with screens can be stric tly interpreted in terms of differences in length, width and/or thickness,
differences in gross size and shape are also involved in a practical
sense.
Seed differing in length but similar in width and thickness cannot
be efficiently separated by screens, e.g., vetch and wheat seed , despined cockleburs and acid delinted cottonseed. Special machines such
as the disc separator and the indented cylinder are required to separate
shor t from long seed that are similar in width and thickness.
Operationally , there ar e two basic types of screen separ ations:
scalping and grading (sc r eening). In a scalping operation , the si ze of
the screen openings is larger than the widest (or thickest) of the good
seed. All the good seed and smaller material , therefore, drop through
the openings while wider or thicker contaminants and other material are
retnined on the screen and flow over it. Scalping can be further subdivided into rough scalping and fine scalping. For rough scalping the
size of the screen openings are substantially larger than the widest or
thickest good seed. Material considerably larger than the good seed are
retained on and move over the screen, while some of the ma terial a
little larger than the good seed, the good seed, and smaller particles
drop through. For fine or close scalping, on the other hand, a screen
with openings just larger than the largest good seed is selected to
remove a maximum amount of the large material . Rough scalping can be
performed at a much higher rate (capacity) than close or fine scalping,
hence, rough scalping is usually the basic operation in pre-cleaning and
the first operation in basic cleaning.
In grading operations, the size of the openings are smal ler than
the smallest of the good seed . The good seed, therefore, are r etained
on the gr ading screen while smaller material such as immature seeds ,
small weed seed, "fines 11 , splits, etc. , drop through the screen. Grading
or screening operations can be further subdivided into rough and fine or
close grading in a manner similar to that described above for scalping.
Seed are cleaned in the air-screen cleaner by a series of scalping
ar1d grading operations and, or course, by aspiration. The usual sequence or arrangement in a 4-screen air-screen cleaner is rough scalping, rough grading , close scalping and close grading . Alternative
arrangements, however, are often required for the different kinds or
lots of seed depending on the nature of the material that has to be
removed .
The Basic Cleaning Operation
Emphasis has been on the capabilities, features and components of
the air- screen or basic cleaner, screen types and perforation shapes,
and basic principles of screening . This review has provided the back-
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ground needed for discussion of basic cleaning procedures and operations .
Before turning to bas ic cleaning operations, pre-processing examinations and analyses should be re-emphasized. The pre-processing
examination can be as si mple as a quick visual inspection of the seed to
be cleaned, or it may i nvolve a complete purity test and hand screen
analysis. Regardless of its complexity, the pre-processing examination
has three main purposes: (1) to determine the types and quantities of
contaminating materials that need to be removed to achieve desired
purity standards; (2) to provide the information needed for selection
and arrangement of screens; and (3) to identify cleaning problems that
require special handling, i.e., use of other machines . The limited time
spent in looking over and thinking about the cleaning needs of a seed
lot before processing contribute to the effectiveness and efficiency of
cleaning.
The manufacturer's recommendations are a good start ing point for
selection and arrangement of screens. Precision cleaning, however,
requires modification and adaptation of these recommendations -as suggested by the pre-cleaning examination and hand screen trials - so they
will best apply to the seed lot to be cleaned.
In a typical 4-screen, 2 air system cleaner, seed are cleaned in a
series of operations involving screenings and aspirations . The function
of each operation can best be understood by considering them in the
usual sequence.
Top Air: Aspiration is the first step in cleaning. The ttop air
i s adjusted to remove dust, other fines and light chaffy materials . In
some cases, the top air can be used to remove material normally removed
by screening; for example, splits from soybean seed . Whole, good seed
should never be removed with the top air!
1st Screen. The first screen is the first or rough scalper. Its
function is to remove contaminating materials that are substantially
larger in any dimension than the good seed such as pieces of stem , other
roughage, soil peds, and unthreshed pods and heads. The openings in the
first sca l per should be sufficiently large to drop all of the good seed
through the upper one-third of the screen.
2nd Screen. The good seed and other material drop through the
first scal per onto the second screen which is the f irst or rough grader .
The screen openings are substantially smaller than the sma llest of the
good seed but large enough to permit the smal ler contaminants to drop
through. The openings of this screen are usually the smal lest in the
machine. Maximum effective capacity is obtained when the first or rough
grading screen is covered with an uniform layer of seed , one seed in
depth at its discharge end.
3rd Screen. The third screen is the second or close sca lper. Its
openings are usually smaller than those of the first or rough scalper
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and often of a different shape . The close scalper "scalps off" contaminants larger than the good seed which passed through the rough
scalper because of size or shape. The material removed might include
large, misshapen seeds of the kind being cleaned as well as large weed
seeds, large crop seeds, and other material larger than the good seed .
4th Screen. The fourth screen is the second or close grader. Its
openings are closer in size to the good seed than those of the rough
grading screen. Materials smaller than the good seed but which were too
large to drop through the first or rough grader are removed. The materials removed include fragments and splits of the seed being cleaned,
immature seed, small weed seeds, and other small material.
Bottom Air. The final separation in an air-screen cl eaner is made
by the bottom air blast . The bottom air should be adjusted so that a
few good seed are removed . This will ensure that a maximum number of
immature , deteriorated, insect damaged and other low qua lity seed are
removed, thus, improving germination and appearance .
As previously stated, the screening sequence outlined above is the
usual one, rough scalping , rough grading, close scalping , close grading.
This sequence , however, should not be considered as fixed or absolute .
Other sequences may be required for precision cleaning of specific kinds
and lots of seed depending on whether the bulk of the contaminating
material in the lot is larger or smaller than the good seed. In cases
where most of the contaminants are larger than the good seed, and aspiration and the 4th screen (close grader) can handle the small quantity
of small material , the first three screens can be set up to do rough,
close, and very close scalpings . The reverse would be true in cases
where the bulk of the contaminants are smaller than the good seed except
that the fourth screen is always a grader. Although the two grading
screens usually have openings of different size, this need not always be
the arrangement. In lots with a high concentrat ion of smal l contaminants, it might be advantageous for the two grading screens to have the
same size openings.
The perforation shapes for each of the screens are selected on the
basis of the shape of the good seed and the characteristics of the
contaminants.
Round or Spherical Seed . Round hole scalping and slotted or rectangu l ar opening grading screens are usually used to clean round, spherical, or near spherical seed such as soybeans, hairy vetch, crimson
clover. The round perforations of the scalpers drop the good seed while
long and large materials ride over. The slotted or rectangula r openings
of the grading screens hold up the good seed while permitting thinner
material such as long weed seeds, splits , etc., to drop through.
Long Seed . The "book rule" for screen perforation shapes in cleaning "long" seed is slotted or retangular perforations for both the
scalping and grading screens. This rule holds for some of the long thin
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grass seeds such as fescue but not always for the larger, elongated seed
such as rice, oats, wheat, etc. In the case of the latter, the first
scalper usually has round perforations, while the first grader has
slotted or round perforations , and the second scalper and second or
bottom grader have slotted perforations. The point is there is no rule
on perforation shape that should be followed invariably . The perforation shapes selected should be the one(s) that do the best job of cleaning consistent with reasonable capacity.
The main adjustments on an operating air-screen cl eaner are rate of
feed, upper air , screen shake, screen pitch and bottom air . The uses
and adjustments of the air systems were briefly considered above. Feed
rate is very important. The rate of feed should be slow enough to
permit precision cleaning. Over-feeding floods the screens and reduces
the effectiveness of the separati ons, while under-feeding is wasteful in
terms of capacity.
The rate of screen shake or the frequency of vibration of the
screens has a great influence on screening effectiveness. A proper rate
of vibration causes the seeds to turn and tumble, thus , presenting all
dimensions of the seed to the screen openings and contributing to the
effectiveness of sifting . Too rapid a vibration, however , causes the
round and heavy seed to bounce over the screen rather than sift through
and reduces the effectiveness of sifting. The rate of vibration adjustment, therefore, is best determined by the results produced . The most
coumon error appears to be too rapid a vibration or shake , apparently
deriving from the mistaken belief that increasing rate of vibration is
the \-Jay to increase capacity. It isn't , as long as the seed flow
uniformly down the screen.
Screen pitch or the inclination of the screens does have an effect
on capac i ty. Genera lly, the steeper the pitch, the faster the seed move
over the screen and the greater the capacity. The pitch adjustment
shou ld be related to the difficulty of the separations to be accomplished. Difficult separations which are to be effected by very close
scalping or grading require that the seed remain on the screen as long
as possible to give all undersize seed or materials an opportunity to
pass through. In such cases, a lesser screen pitch is needed . On the
other hand, if the separation is relatively easy , a steeper pitch will
probably not affect the separation, but will increase capacity. Since
each screen performs a somewhat different function, pitch adjustments
shoul d be considered on an individual screen basis.
Precision in Basic Cleaning
The prec1s1on of the basic cl eaning operation is determined by the
purity standards to be achieved , the nature of the contaminating material, and the availability of other, more specialized cleaning equipment. The economic facts are such that in many cases a seedsman cannot
justify the time and seed loss involved in cleaning certain kinds of
seed to the highest possible purity unless the market supports a proportinately higher price for super-clean seed.
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The time and effort involved in cleaning to the highest possible
purity can usually be justified, of course, when noxious seed have to be
reduced to a legally established concentration for the seed to be salable.
Frequently, however, the removal or reduction in concentration of a
specific contaminant can be more efficiently accomplished with one of
the sr1ecialized ''finishing" machines rather that the air-screen cleaner,
if or when they are available. As a general rule, the basic cleaning
operation should not be specially adjusted to attempt a separation for
which it is poorly adapted , when there is another machine in the processing line which can make the separation with ease.
There are several very useful procedures for increasing the precision of the basic cleaning operation for certain kinds or lots of
seed . Removal of sp lit seed from lots of large seeded legume seed can
be improved by using a screen with "cross-slot" perforations as the
final grader instead of a "regular" slot. The long dimension of the
slot or oblong opening in a cross -slot screen is at right angles to the
direction of seed flow , rather than parallel to it as is the case with
regular slotted screens . The cross slot presents the opening in the
best position to intercept a split as it moves down the screen.
An oil cloth (slick side down) or canvas apron can be fitted above
the top scalping screen to keep long contami nants from turning on end
and dropping through the screen and to minimize the number of good seed
that "bounce" down the screen and into the top scalpings . These procedures are especially useful in cleaning large round seed such as
vetch and soybeans.
When the screen perforation size and shape of the top scalper is
such that essentially all the good seed drop through in the upper third
of the screen, "blanking" the bottom half of the screen will minimize
the amount of long thin scalpings that turn on end and drop through.
In situations where close separations have to be made, the time
and action of the seed on the screen is very important. The use of
wooden or metal slats across the screen to "dam" the seed flow can
increase the effectiveness of the separation. In combination with proper
screen pitch and speed of vibration, the dams increase the seed time
and "action" on the screen, thus providing maximum opportu nity for each
seed to contact the openi ngs .
Experienced processors periodically inspect the clean seed and
the "screenings" to monitor the effectiveness of the clea ning operation.
Many seed lots are not very uniform in terms of the concentration and
type of contaminants. Some readjustments, therefore, may be necessary
from time to time to maintain cleaning effectiveness at the desired
level.
Periodic inspection of the clean seed and screenings also aids
in identifying mechanical problems such as "tears " in a screen, or
inactive or worn brushes , or other screen cleaning devices. Such conditions should, of course , be identified during the routine but close
inspection of the cleaner at the beginning of operation each day and
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at intervals thereafter. Effective and efficient cleaning is hardly
possib le unless' the cleaner is properly maintained .
One of the most frequent causes of "poor cleaning" is over-feeding - trying to cram the maximum quantity of seed through the cl eaner
to meet delivery schedules , or some established output schedule. Most
cleaning is a compromise between capacity and effectiveness, but the
scale should not always be tipped on the capacity side. Air-screen
machi nes are excellent for cleaning seed, but are very inefficient
and expensive conveyors.
Poorly designed air ducting and dust col lection systems are another
cause of inefficient and ineffective cleaning. The top and bottom air
systems in an air-screen machine are designed to remove certain material
in the cleaning operation. Improper ducting from the cleaner can create
back pressures or turbulence which reduce the effectiveness of aspiration and create dust problems. Sharp angles in the ducting should be
avoided.
Properly adjusted and operated, the air-screen machine can clean
most seed lots to a high level of purity . Other types of processi ng and
cleaning equipment, however, are usually required to fully meet purity
standards and/or to prepare the seed for marketing . These specialized
or "finishing" machines are installed as elements of the "processing
line" permiting the clean seed coming from the air- screen cleaner to be
routed through the one or more machines required for complete processing .
Summary
Basic seed cleaning encompasses pre-cleaning and pre-conditioning
as as well as the basic cleaning operation . Basic cleaning is accomplished wi th the air-screen cleaner. The air-screen cleaner is aversati l e machine which, if properly understood and operated, can clean
many seed lots to the desired level of purity. Hhen this is not possible, cleaning must be completed with other more specialized equipment .
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PROCESSING FORAGE GRASS SEED
Charlie W. Dobbs ll
This presentation could be made about any number of forage grass
seed. Being most familiar with Kentucky 31 Fescue, the emphasis of this
presentation will be upon the methods that we use in processing tall
fescue seed.
The first step, and a most important one, in processing grass seed
is receiving material direct from the combine or the farmer . Each load
is sampled when it is delivered . From this sample , we determine seed
moisture and any crop or weed seed separation problems likely to occur
as the seed moves through our processing plant. Our concern with moisture is twofold: (a) how difficult the seed will be to dry and (b) how
difficult they will be to hold in the storage bins .
We are also concerned with the number of weed seed, each one having
its own characteristics and potential separation problem as it passes
through the processing equipment. The only weed seed that causes us to
refuse a load of fescue is Johnson grass. Johnson grass is a problem in
so many states that we do not accept any seed that ~ontain its seed .
Other weeds that are a concern to us are; curlydock, ox-eye daisy,
buckhorn , and sheep sorrel . These are the weed seed that give us the
greatest problem , however , we have the necessary equipment to remove all
of these seed.
The other crop seed that we usually find in Kentucky 31 fescue are
ryegrass and orchardgrass. Orchardgrass is the predominant other crop
seed. A determination is also made for the amount of inert material,
which is primarily light, immature seed or chaff. To make this determination, we use a sample blower, such ·as the South Dakota seed
blower . We are also concerned with the amount of straw and chess. Our
pre-cleaning examination gives us an indication of what problems will be
encountered in drying and storage, and then later as the seed move
through the processing equipment.
Drying Methods
The first decision made after the pre-cleaning examination concerns
the drying method. All the seed received directly from the combine has
excessi ve moisture. One alternative, and the one that we like, is
having our customers dry the seed at home . We have a few people who are
using swathing equipment whereby the field is swathed, left in the sun
to dry , then later threshed by combine and delivered to us in a dry
state. When the seed are delivered 11wet 11 , one method we have used in

1! President, Dobbs Seed and Grain Co. , Hardinsburg, KY
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the past,
yard dry,
pl aced in
depending

and still use when we have a large crop, is yard drying. To
the seed are spread on the ground , turned each day in the sun,
wind-rows at night in case of rain, and after 4 to 7 days,
on the weather, they are then placed into bulk storage.

The "outside air-tunnel'' is another drying me thod . In this case we
use fans, and false-bottom air f l oors beneath the piles of seed , and
blow natural air through the seed . This results in some drying. If the
weather is ''dry", seed can be completely dried using these outside air
tunnels. Another method that we use is "inside, natural-air" . With
this method, the false bottom floors are placed in tobacco warehouses,
barn lofts and other storage buildings and natural air is blown through
the seed until they are completely dried .
Another system that we use for drying is a continuous - flow, hot-air
dryer. We have one unit made by the Ferrell - Ross Company. It is a cont inuous-flow dryer made specifically to dry grass seed . This dryer will
remove five to eight percent moisture at the rate of 5,000 pounds per
hour.
We also have drying and storage combination units. These are
nothing more than round grain bins with air-floors and stirring devices
that continually stir the seed as warm air passes through them. The
important thing to remember in either a continuous flow dryer or in a
drying bin is the air temperature used. We never use air exceeding
140F. W
e have found that temperatures above 140F for any period of time
will kill the germination. The temperature of the exhaust air is
usua 11 y 90- lOOF.
Naturally we cannot clean the seed as fast as they are dried, so we
simply have to find some place to store the dry seed. We use temporary
holding bins. These again can be round grain bins with nothing but air
tunnels to change the air occasionally while the seed are held in tempo r ary sto rage. The drying bins with stirring systems are what we wou ld
refer to as permanent storage bins with dryers.
Cleaning Methods
As the seed comes into the processing plant , the screen cleaners
are the first stage in processing. If the seed happen to be rough,
containing a lot of chaff or straw, a scalping cleaner with screens that
have large openings is used. The scalper i s used only to take out the
large material or fine chaff. From the scalper, the seed move to airscreen cleaners that are set with sc reen sizes capable of removing l arge
cheat and/or chess. A l/22 x 1/2 perforati on will remove smal ler cheat
or chess. Use of a a 6 x 26- or 6 x 30-mesh screen on the bottom will
drop some of the smaller seed such as bluegrass and weed seed such as
ox-eye daisies.
The air systems , both top-air and bottom-air, are very important in
cleaning tall fescue. With the top air, our equipment is adjusted to
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remove only the fine light chaff and fine immature seed before the seed
mass goes across the top screen. The bottom air is used to take out
more l ight seed or chaff but not the full amount that might be in the
seed. Later , I will discuss a final step that we use to obtain the
level of inert material desired.
After the air- screen cleaner, the next unit of cleaning equipment
is the disc, a length separator. The purpose of this machine is strictly
one of removing weeds or inert matter. There are two sections in our
disc separator. The first section is used to remove cheat or chess,
some wild onions, any small sticks or stems that may have passed through
the air-screen cleaner; the second section is for weed removal. The
discs in the machine vary in size and number depending on the type of
weed problem and the model of disc separator. There is a definite size
pocket for a particular type of weed such as curl ed dock, buckhorn,
daisies and sorrel . All of these require disc pockets of different size
for the removal of a particular weed.
With discs or other length separators, capacity is always important
in a processing plant. One thing we have found necessary for efficient
operation of a disc (length) separator is an automatic feeding system.
This will keep the level of seed in the upper series of discs at least
level with the axle or center of the discs at all times. When the seed
level fal l s below the center line, you are losing capacity. In our
plant we installed an additional, small, disc separator to catch the
overflow from the upper series of discs. This increased our processing
capacity by 25-30%.
Main tenance is very critical to the proper operation of a disc
separator. Because of the continuous agitation that takes place in a
disc, it i s necessary to have a dust collection system. As the seed are
turned in this machine, small tips are broken off and they make dust.
As the dust fal l s on the discharge troughs, if it is not removed, it
soon builds-up and will not permit the dis charge of the materials that
the di scs are lifting. A second critical point to observe with disc
separators is pocket wear. As seed pass through the discs . the pockets
show more and more wear and soon will wear to the point they will not
lift the shorter material.
After the seed pass through the disc separator, the next machine is
the width and thickness grader. Ours are made by the Carter- Day Company. The primary purpose of this unit is to remove foreign materials.
The screen size used for fescue is a 4~/ 64-inch round perforation. It
is a cylindrical screen (shell) in which the seed are rotated and must
stand on their ends to fall through the holes. Any sticks, stems, weeds
or clusters of seed that do not pass through the holes, pass through the
shel l and are classed as foreign material . The advantages of the width
and thickness grader are many: it is very effective for removing wild
onion; it will remove any leaves or damaged seed that have been flattened in other stages of processing or combining; it will remove orchardgrass cl usters, therefore, reducing the other crop content in the fescue;
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it removes other material that fit i~to the disc pockets but was too
wide to pass through a 4~/64-inch diameter round hole.
Maintenance is also very important for proper operation of a
precision grader. Oust collection again is very important . The tumbling action of the seed creates a considerable amount of dust, and
without dust removal equipment the dust wears out the bearings and
chains of these machines. The drive chains on precision graders tend to
wear fast and shou ld be checked periodically for wear and replaced as
necessary or they will soon begin to give trouble. The variable speed
feeder is another important part of the precision grader. The feed
control must maintain a constant feed to obtain maximum production and
still clean the seed as desired.
The last machine fescue goes through in our plant is an aspirator.
Our unit has a closed circuit air system , meaning there is no exhaust,
therefore, it is not necessary to have it located close to a dust collection sytem. The purpose of the aspirator is to remove light foreign
material .
This is the stage, referred to earlier, where we reduce the inert
matter content of the seed lot to the point where we can maintain or
evaluate pure seed standards - 98% pure seed, 99% pure seed, at whatever
level we desire . Since installing this machine, some three years ago, I
have found a high degree of accuracy in obtaining the desired inert
matter content. Another advantage of the aspirator is a lower dust
content in the finished bag of seed . As mentioned earlier, when the
fescue seed passes through these different pieces of machinery a certain
amount of dust is created by the seed rubbing together. The aspirator
will lift this light dust and at the same time it will lift that inert
material you wish to remove. The control of inert material in seed is
very important, not only from appearance standpoint but from an economi c
standpoint since most all forage grass seed are bought and sold on a
standard basis; such as 98% purity for #1 fescue seed .
The aspirator will help you maintain the desired purity level more
accurately than adjusting the bottom and top air on the air-screen
cleaner and with a lower loss of good seed . When the top and bottom air
systems of the screen cleaner are set at the level to remove the maximum
amount of inert material a certain amount of light seed of good germination and quality are removed. These good seed ride out, or are carried- out, with the mass of inert material and chaff in an air-screen
cleaner but not the aspirator. From the aspirator, the seed are conveyed to the to the bagging bins.
There are, no doubt, some points I have failed to cover in the
processing of forage grass seeds. For example, it has been my experience, processing all types of seed, that it is best to read the manufacturer ' s directions on each piece of machinery, especially on new
machines placed in your flow system. Then by trial and error gain
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experience, learning what you can do with the particular machine to get
maximum capacity and maximum effectiveness.
If you have specific questions about processing grass seed , I will
be glad to try to answer them either by phone or let ter, if you happen
to be in Hardinsbu r g, Kentucky, I woul d be glad to show you though our
plant. We have in operation all the machines discussed in a continuous
flow system , from dryer through bagging.

61

Soybean Seed Processing
Howard C. Potts & Charles E. Vaughan l!
By the time soybean seed are delivered to the processing plant,
some seeds will have deteriorated in the field while others will have
been split or damaged during harvesting, drying and storage . After all
of this, it is the processing ma nager 's job to use his knowledge of seed
and skill in operating the available machines to assure management that
the seed which are placed in the bag are pure, undamaged, weed free and
of the highest possible germination.
Before discussing the techniques for processing soybean seed, a
review of the reasons for processing, some useful keys, and the stepwise
sequence used by successful processors may prove helpful.
kind.

There are at least six good reasons for processing crop seed of any
These are as follow:
1.
2.
3.
4.
5.
6.

Condition the seed - clean seed store with fewer
problems.
Improve purity - prevents the spread of weeds.
Improve germination of the lot - fewer seed are re
quired per acre.
Improve plantability -more uniform sta nds produce
more.
Improve appearance -an important selling point.
Protect the seed - use of fungicides will improve
stands when seed are planted either before or after
optimum planting time.

There are five keys to successful processi ng. The first key i s (a)
Knowledge of the Seed itself. Soybean are fragile, split when dry and
vary in size characteristics from lot to lot and in shape from one
variety to another. The second key is derived from an awareness of the
variations in the length, width, thickness, shape, specific gravity,
surface texture of both the soybeans and the weed or other crop seed
which occur in soybeans. These are the (b) Principles of Separa tion.
The third key is (c) Knowledge of the Mach ines - their capabilities and
limitations.
To utilize these three bits of knowledge - seed characteristics,
principles of separation and equipment capabilities - requires that the

ll Professors of Agronomy-Seed Technology, MAFES, MSU. (Or . Vaughan
presented the paper originally prepared by Or. Potts) .
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fourth key - (d) Proper Equipment - be available. But even the proper
equipment is not sufficient if the model or numbers of machi nes are not
capacity correlated and sequentially arranged. This leads to the fifth
key - (e) Layout of the Processing Line which is the topic of another
paper. These "reasons " and "keys" shoul d be kept in mind constantl y
when discussing the art and science of processing soybean seed.
A competent seed processor knows that every lot of soybeans follows
the sequence below as the seed are being cl eaned .
I.
II.
III .
IV.

Pre-cleaning examination.
Removal of undesirable materials.
Upg rading and/or sizi ng.
Packaging.

The balance of this discussion is directed to the first three steps
of this sequence as they relate to cleaning soybeans.
I.

Pre-cleani ng Examination

The most important and troublesome weed seed and other contaminants
occurring in soybean seed are shown in Figure 1. A few seconds spent in
sampling and determining the composition and contaminants of every load
or lot of seed can be as important as the actual cl eaning , except when
the processor has the time and money to reclean the lot.
Any weed seed or other contaminates which have at least one dimension
similar to that of the soybeans will probably require the use of some
machine , in addition to the air-screen clea ner. When consideri ng the
best means of cleaning soybeans, remember the difference in the diameter's
of the largest and sma llest good seed will be about 6/64-inch. Although
a particular weed seed may appear to be larger or sma ller than the
average soybea n; weed seed al so vary in size. For examp l e, despined
cock leburs are much longer than soybeans but some have the same di ameter
as the larger soybeans. The cockleburs are also li ghter in specific
weight and less rounded. Which of these three seed characteristics
would you utilize to make the separation; length, specific weight or
degree of roundness?
The oversights and failures to obtaining an accu rate estimate of a
lot's composition during the pre-cl eaning examination is a principal
cause for sub-standard seed qua l ity and stop sale orders . A stop sale
order issued because of excessive inert matter or weed seed is usually
the fault of the processing manager!
II.

Removal of Undesirable Materials

Split soybeans; seed of common morning glory,
(giant morning glory) , and cocklebur; soil "peds" ,
account for 99% of the undesirable materials which
can be removed from soybean seed. Seed of Joh nson

purple moonflower
and unthreshed pods
commonly occur in and
grass, crota laria,
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•••
Figure 1: Soybean seeds and common contaminants in combine-run seed.
(1. hulls and pods, 2. split seed, 3. diseased seed , 4. soil
"peds", 5. purple moonflower, 6. common morning-glory,
7. corn, 8. cowpeas, 9. cocklebur, 10. ballonvine,
11. johnson grass, 12. crotalaria ) .
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and several other weeds frequently are found in combine run seed.
However, these seed are not difficult to remove because of their small
size, relative to that of soybeans.
Normally, the air-screen cleaner and spirals are the only machines
required to clean soybeans , but an occasional lot will require a separation based on weight differences.
A.

Air-Screen Cleaner:

The air-screen cleaner is the basic machine used for cleaning
soybeans. For this discussion a 4-screen, 2-air cleaner will be used
as the example. The screen arrangement assumed is the first and third
as sc~lping screens and the second and fourth as grading screens.
(Figure 2) . It is assumed the reader is familiar with the seed flow
through an air-screen cleaner, therefore, the discussion starts with
screen selection , follows the seed through the machine , and ends with
adjustment of the air systems.
The first step, selection of the proper screens is easy if you just
want to meet competition . However, if you are really interested in high
quality soybean seed, screen selection will be made for every lot processed. Generally a processor that has for example, "bottom screen
soybeans" written on a 9/64 x 3/4 screen has no genuine interest in
precision processing. Such marking assumes all soybeans are the same
size. This is a false assumption as will be shown later .
The first screen should have round perforations sufficiently large
permit essentially all seed to pass through before they travel more than
l/3 the length of the screen when operating at optimum capacity. To do
this, this screen should have perforations 4/64 to 6/64-inch larger
diameter than the largest soybean seed in the lot. This requires a
number 22 or 24 round hole screen as the top screen for most soybean
varieties. The third screen, which is also a scalping screen, should
have perforations about 2/64-inch larger than the largest seed in the
lot, i.e., a number 20 or 22 round. Using scalping screens of these
sizes should remove all cockleburs which stil l have spines and any
remaining unthreshed pods.
The two grading screens selected for the second and fourth posi tions are most critical when cleaning soybeans. The second screen may
have either slotted or round hole perforations. If the lot contains
common morning glory, johnson grass , and similar size weed or immature
soybean seed , a round hole screen with perforations the size of the
sma 11 est good seed, is recommended. The use of a number "12" or 1a rger
screen in the second position is particularly effective for removing
seed of common morning-glory. If the lot contains no common morningglory or similar size seed then a slotted screen, 8/64 or 9/64 x 3/4inch, can be used to remove small weed seed, splits and inert materials.
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Figure 2. Cross Section of a 4-screen air-screen cleaner. (numerals
indicate screen numbers; letters identify points of discharge).
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One processor rebuilt a screen for use in the second position .
The upper-half of this screen now has slotted perforation, 8/64 x 3/4inch, and the bottom half, round perforations, 12/64- inch in diameter .
This screen is reportedly very effective as long as the rate of feed is
maintained at or below the manufactureres recommended rate for cleaning
seed.
The fourth screen, the final grading screen in our example, is used
primarily to remove splits and small immature seed, which are usually
flattened. Most processors use either a 8/64 or 9/64 x 3/4- inch slotted
screen as the fina l grading screen . Either of these two screens is the
common bottom screen selected by the "common" processor. Rarely is there
a good soybean seed small enough to pass th rough a 9/64 x 3/4- inch opening .
The discriminative processor will select a screen with oblong
openings the same size as the smallest good seed in the lot. This means
a screen having perforations of 11/64-, 12/ 64-or occasionally 13/64 x
3/4-inch. In other words, a screen having perforations of 2/64- to 3/64inch greater width tha n that commonly used shou l d be selected for maximum effeciency . Use of screens havi ng the wider perforation wil l i ncrease
the capacity of both the air-screen machine and spiral separator , but
will not increase the loss of good seed when the bottom screen is selected
on the basis of size of the smallest good seed.
When interested in removing the highest percentage of spl it seed,
use of a screen with oblong cross-slot perforations, l/64-inch wider
than the commonly used obl ong slot perforation, is recommended. Our
research indicates that an 11 /64 x 3/4 cross slot perforation is more
effecient than a 10/64 x 3/4 oblong slot but l ess effecient than an
11/64 x 3/4 obl ong slot when removing split soybeans . The only difference between oblong and cross-slot perforated screens of the same size
designation is the orientation of the perforation in relation to the
flow of the seed (Figure 3) .
Why use a screen with cross sl ots? A split soybean tends to Tie
with the flat side against the screen as it moves down the screen. On an
oblong slot screen a split seed may slide over the perforation because
the width of most splits is greater than the screen perforations.
Additionally , before a split can turn on edge and pass through an oblong
slot perforation it must move at a right angle to the flow the seed
mass. On the other ha nd, use of a screen with cross- sl ot perforati ons
encourages the leading edge of a split seed to engage the perforation
and the seed mass aids in pushing the split through the perforation
since there is no change in direction of movement of the spl it. Increased use of grading screens in the fourth position having cross- sl ot
perforations with perforations the diameter of the smallest good seed
offers the opportunity for both slightly increased capacity and greater
processing efficiency.
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Figure 3. Comparison of oblong perforations (arrow indicates direction
of seed flow) .
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It should be apparent that the proper use of a set of hand screens
will pay good dividends both in terms of time saved in selecting the
proper screens and increased cl ean i ng efficiency. The selection of
grading screens with the largest perforations possible without loss of
good seed and scalping screens with the smal l est perforations practical
is a key to processing effeciency.
Attaching an oil cloth or canvas apron or drape so it lies lightly
on top first screen is very desirabl e when cleaning soybeans. The apron
will prevent seed from bouncing down and off the screen, as we l l as
keeping the unthreshed pods, stem pieces , etc . from turning on end and
dropping through the screen. "Blanking-off" the lowe1~ half of the first
screen with paper, pl astic or sheet metal wil l al so keep the longer
materials from passing through the screen. Use of screen dams to agitate
the seed mass increases the percent splits removed on screens with
oblong perforations.
Two frequently ignored adjustments available on most air-screen
cleaners are the screen pitch and screen cleaners or brushes . When
cleaning soybeans the pitch on the first and third screens should be
near the maximum 120 slope. The pitch on the second and fourth grading
screens should be near the minimum 6° slope angle . Keep in mind that
increasing the slope of a screen decreases the effective size of the
screen perforations sl ightly and reduces the time a seed is on the
screen. Properly positioned, unworn brushes are essential to maintaining cleaning efficiency. Every blocked perforation, per square foot of
screen area, reduces the cleaning capacity approximately 0.25 percent on
a screen with 10/64 x 3/4- inch perforations. By the time one can observe
blocked perforations on a vibrating screen, capacity has been reduced 5
to 10%.
The air adjustments can be made only after the machine is operational. The upper air should be adjusted to remove essential ly all
inert mate r ials, inc l uding the splits if desired. This minimizes pol lution in the processing plant while reducing the volume of materials to
be separated by the screens.
The lower air should be adjusted to remove an occasional undamaged,
non-diseased seed. An occasional good seed means one seed out of every
10,000 or a double handful out of every 200 bushels processed. The
"occasional good seed" rule is still the best method of judging the
effectiveness of the lower air separation.
A major cause of poor soybean processing is the tendency to operate
the machine at an excessive capactiy. In most instances, seed processors
who claim cleaning capacities in excess 200 bu/hr on a four-screen
single -stream cleaner are not processing soybean seed, rather they are
simply running soybeans through an air-screen cleaner! When the l ayer
of seed passing over the second screen is more than one seed in depth
the machine is being overfed. Hhen overfed some of the split seed and
larger weed seed never contact the grading screens, therefore, these
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materials remain in the seed lot.
B.

~piral

Separator s:

If after cleaning on the air-screen clea ner the soybeans still
contain more than one split seed per handful and/or any common morning glory seed the seed lot should be cleaned on a spiral separator. The
presence of excessive splits or seed similar in size to morning-glory is
an indication of improper screen selection and/or overfeeding . Certainly
all seed lots which contain seed of purple moonflower , cocklebur , giant
ragweed or a significant percentage of immature soybeans should be
cleaned through the spiral separator to remove thes~ contaminants.
We suggest the use of "flight dams" to remove purple moonflower
seed from soybeans. Flight dams can be made from 6-inch strips of wood,
l/4" thick and 3/4" wide, attached to the inner flights of the spira l in
the following sequence .
1.

From the point where the seed enter each flight ,
measure 22" along the outer edge and lay a wood
strip across the flight at an angle down the
flight's slope and position it with a spring-type
clothes pin. The free end of the "dam" should be
at least l ~ inches from the center post.

2.

Attach a second series of dams one turn down the
spiral.

3.

Attach a third series one turn below the second series.

4.

Attach a clothes pin, but not a dam, one turn below
the third series at an ang l e to deflect seed to the
center.

Recently, adjustable flight dams which can be easily attached to
the spiral separator have been placed on the market. These are very
effective.
The original research on flight dams , conducted by A.H. Boyd of the
STL staff, revealed the addition of these dams permitted removal of
essentially all (99 . 99%) of the purple moonflower seed with a "good
seed" loss of only 3.0%. Without the flight dams the good seed loss was
1.9%, but the purple moonflower seed remained in the soybean seed.
Increasing numbers of soybean processors run all lots over the
spi ra l separator whether or not splits or weed seeds are present . This
decision is justified on the basis that in the absence of a significant
percentage of splits , or any weed seed, the appearance of most lots can
be improved by removal of ma ny of the flat and irregularly shaped seed.
However, some varieties, and an occasional lot of most varieties, have a
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hign percentage of flattened seed and cannot be cleaned with the spiral
separator without excessive loss of good seed. Such lots should be
identified during the precleaning examination. Thus, spiral separators
are not a 11 Cure-all 11 for all lots of soybeans.
Spirals will not separate soybeans from cowpeas, soybeans from
balloon-vine or soybeans having cracked seed coats. Remember , the
contaminating material must be significantly less rounded that the soybean for the spirals to be effective.
C.

Gravity Table:

Some processors have reported difficulty in obtaining the desired
levei of seed qual ity due to the presence of round soil particl es {peds)
or de-spined cockl eburs. Separations of both these contaminants is
easily accomplished with a gravity table, after the seed lot has been
cleaned with the air-screen cl eaner and spiral. De- spined cockleburs
have a specific weight approximately two- thirds that of soybeans but the
soil-peds are usually much heavier . Because of these weight differences
the cockleburs will discharge from the low end and the soil-peds from
the high end of the gravity table . Good seed losses in the range of 3
to 8% should be anticipated for those lots which are cleaned with a
gravity table.
Only slight success should be anticipated through using the gravity
separator to remove mechanically damaged, diseased, or badly deteriorated, whole beans from good soybean seed . Thus , because of the high
loss of good seed and the sma l l probability of increasing the physiol ogical quality of the seed lot, only an occasional, "special" lot of soybeans will require cleaning with the gravity table.
III. Size Grading Soybeans
Currently, interest in size grading soybeans is high. Some research
has revealed several interesting points concerning; seed size distribution,
the quality of seed in differe nt size classes, and the effects of removing
the small seed from lots of soybeans.
Regardless of the variety, soybeans grown under different climatic
conditions will vary both in average seed size and range in size from
the smallest to the largest good seed . In one study, seed of three
varieties produced at Mississippi State were planted the next year in
South Carolina, Texas, Louisiana and Mississippi to assure production
under different environments. After harvest, the thresher run seed were
returned to the Seed Technology Lab .
The seed of each lot were size graded into size classes differing
by 1/64-inch in diameter and tests conducted on the seed of each size
class. The average seed size and the percentage of the lot in each size
class for the Lee 68 variety are given in Table 1. Note two factors;
first the 2!z/64-inch difference in average seed size of the 6 lots and

71
second, the diameter of the smallest size cla ss in each lot. This
variation in size was due to differences in the environment under which
the soybeans were produced.
From the data in Table 1 can you determine a sing l e correct answer
t o each of the following questions? What screen size should be in the
bottom position when cleaning Lee 68 soybeans? To size grade Lee 68
soybeans, what is the size range in 64th-inch for "medium-size" seed
from each lot? Isn't it apparent that each lot has its own size charac teristics, therefore , no single answer is best for either question or
all six lots.
The di stribution of physiological quality of the seed among the
different size classes was also evaluated. A series of physiol ogical
tests were conducted, however, only the results from the standard germination test are di scussed. Observe the level s of germination among the
composite samples and compare them with each size class in Table 2.
Notice that regardless of the average germination, seed of the smallest
size-class and in one instance the largest size-class (lot 17) are lower
in germination than the composite sample .
Logic would appear to indicate that removal of the poor quality
seed from each lot should increase the quality of the remaining seed .
The data in Table 3 shows the effects on germination brought about by
removi ng seed of the smallest, two smal lest, smallest and largest, two
smallest and largest, and largest size- classes from each l ot. There was
no effect!
The reason for the lack of any effect becomes obvious when the
quantity of seed removed is considered . The smal l est size class is less
than 1% of the total weight in each lot (Table 1). The two smallest
size-clas ses constituted a maximum of 5.5% of any lot. Therefore, even
if these small seed had zero germination, the maxiumum improvement in
germination of the lot remaining would have been 4% in lot 13, and less
than 3% in lot 15.
The conclusions of these studies were:
1.

In soybeans, seed quality is not directly related to
seed size.

2.

Seed lots grown under different environmental conditions may vary in size distribution and average seed
diameter by as much as 2/64-inch.

3.

Generally, seed of the smallest size class in a lot
are inferior in quality , however, their removal wi l l
not significantly improve the over-all quality of the
remainder of the lot.
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Table 1.

Lot
No.

Dimensional size composition of 6 lots of Lee 68 soybeans
(after Aguiar).

Source
(State)

Average
Seed
Size
(64th-inch )

11

Seed Diameter (64th-inch )
(Percentages
12 13 14 15 16 17

18

13.8

0.4 5.1

24.6 52.3 15.3 2.4

0

0

14

sc.
sc.

13 .8

0. 4 5.0 23.5 54. 1 13 .8 3.3

0

0

15

TX.

16.2

0

0

0. 9 3.0 14.6 43 .1 31. 7 I 6 . 9

16

TX.

16.3

0

0

0.9 2.6 14.2 42 .2 32.8 7.4

17

LA.

15. 1

0 0.8

4.4 21.4 37. 4 28.2 7.0 1.0

18

MS.

15. 1

0 0.7

2.7 19. 3 43. 1 29.3 4.9

13

0
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Table 2.

Germination percentages of 6 lots of Lee 68 soybeans
(after Aguiar).

Seed Dimension ~64th-inch}
13
14
5
16
17

Lot
No.

Composite
Sample

11

12

13

93.4

71*

89

91

95

95

91

14

88.7

78*

89

85

91

88

89

15

59.2

48*

66

70** 58

16

80.1

86

90** 84

17

61.6

41*

61

57

18

91.8

55*

87

96

18

56

58

82

77

77

63

65

59

51*

93

90

94

* Significantly lower in germination than the composite sample.
** Significantly higher in germination than the composite sample.
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Table 3.

Lot
No.

Effect on germination percentages by removal of selected size
classes of seed (after Aguiar).

Compos ite
Sample

Si ze Class Removed
Smallest Two Sma11 est Smallest Largest Two Smallest
&

&

Largest

Largest

13

93

94

94

94

94

94

14

89

89

89

89

89

89

15

59

59

59

59

59

57

16

80

80

80

80

80

80

17

62

62

62

62

62

62

18

92

92

92

92

92

92
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4.

Because of variability in the average and range of
seed size among lots of the same variety, the terms
"small " , "medium", and "large " seed have no general
or scientific validity except as they apply to individual lots, i .e., small seed in one lot may be the
same size as medium seed of another lot.

5.

Use of grading screens having the same size perforations for every lot of soybean seed of the same variety
decreases the efficiency of the grading operations
and possible the capacity of both the air-screen
machine and spiral separator.

In summary, there appears to be a real opportunity to improve both
efficiency and effectiveness in processing seed soybeans. However,
before some processors achieve the desired level of efficiency, screen
se lection must be made on a lot by lot basis and increased attention
will have to be given to proper machine adjustment . These technical
factors shou ld be coupled with the establishment of processing goal s in
keeping with the actual cleaning capacity of the machinery available.
Based upon the currently available information there is no advantage , in
terms of improving physiological quality , in dimensional sizing of
soybean seed.
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SEED VIGOR RATINGS - ONE COMPANY'S APPROACH
Bob Munson

1J

INTRODUCTION:
Being a commercial seed company, we often have meetings and programs to which we invite prospective customers to explain the vigor
concept and how to properly select and use our seed. In many instances
our dealers arrange these meetings and ask us about details such as
location, meals, time, date , etc . One dealer recently inquired about
such details, and specifically , "what is the minimum number of people
necessary for you to give a talk". I replied, "I insist on two---but
I'll be one of them." I will talk to anybody who will listen, because I
think vigor testing and high quality seed are important.
Havi ng been a student in Seed Technology at MSU and later manager
of Foundation Seed Stocks for MAFES, my entire association with the seed
trade has been involved with seed testing and how to accurately measure
the reproductive life of a given seed lot. You might say I've been
thoroughly indoctrinated about the importance of vigor. I've seen hundreds
of people attend these short courses and li sten to speaker after speaker
expound upon vigor and vigor testing and how to use it. I never could
understand why somebody didn't rush out immediately and put it into
practice.
As part of my responsibilities with the MAFES Foundation seed
program, one company asked me to develop a program for testing and
evaluating seed lots. The manager explained that they intended to sell
the higher qual ity lots at a premium, therefore the testing program
needed to be accurate. While devel oping the proposa l I asked a lot of
questions. The MSU staff can probably remember my inquiries. I also
talked to the president of the only seed company of which I was aware
that was conducting vigor tests and asking a premium for their high
vi go r seed . Using these opinions and a few of my own, I presented my
proposal to the company and explained it in detail . The only questions
asked were, "Do you believe in the system?" and "Will the vigor testing
program work?" Of course I immediately replied "Yes"---I knew they
would. The next question was, "Do you believe strongly enough to help
institute the program?" It was six months before I could answer that
question yes !

11 Quality Control ~1anager, ~1ilburn Seed Farms, Ruleville , MS .
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THE VIGOR CONCEPT
Vigor, to me, is t he presence of life in a seed and the relative
strength of that life force to perform expeditiously under less than
ideal conditions for an extended period of time. In other words, "Is
the seed alive?" If it is alive, can it perform under adverse condi tions? If it can perform under adverse conditions, "How long can it
continue to perform?" For years we have applied these three criteria to
athletes, race horses, automobiles and even armies, can we do less with
our seed?
The standard germination test is indispensabl e in seed testing-- -just
as a motor or engine is in an automobile. Vigor test:. are like the
tires. Too many in the seed trade are driving cars with thread-bare
tires. You say, "I only sell seed with a high germination." I say,
"you've got flat tires!"
Most farmers come to all of us seedsmen and buy seed blindly ,
accepting the stated germination. But that same farmer doesn't accept a
nurse taking his temperature as a complete phys ical checkup from a
doctor. The time has come when your "patient" wants to know more than
how many of your seed are alive or dead.
TESTING &QUALITY MAINTENANCE:
Perhaps one of the biggest obstacles to setting-up a vigor testing
program for seed has been the lack of agreement on what tests to use and
how they can be standardized. We as seedsmen sit on our backsides and
say to curse 1ves, "As soon as they agree on what to do, I '11 do it . " I
personally hope that our seed testing officials never reach agreement .
For the farmer's sake, they have already waited too long. If agreement
is ever reached among our officials, and they sta ndarize vigor testing ,
the next step will be to do as has been done with the sta ndard ge rmination
test, require that seed meet certain minimum standards before it ca n be
sold either intrastate or interstate.
You say, "l~on't that raise the quality of seed sold?" I seriously
doubt it. We will probably be selling some of the same quality seed we
have now. The minimum standards would probably be established so low
that we could sell 98% of what \-Je are selli ng now. You say, "Don't
worry---we'll make sure we set vi gor testing standards high." My reply
i s "Why haven't you already done somethi ng about vigor testing of the
seed your company sells?"
If you are sitting around doing nothing
significant about it now, why should anyone expect you to do more later?
I have digressed from my point and that was the obstac le of standardized testing. This not as an obstacle but a rational i zation. State
and private seed testing la boratories now offer vigor tests of varying
descriptions and most will perform them to your specifications. Any
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information you have about a seed lot in addition to a standard germination test enables you to more accurately judge the quality of that seed
lot. Your information might not be as complete as someone else who may
have used a different test or procedure, or your information may be more
complete -- but at least you know. It's like having a candle in the
dark. Your candle may be brighter than some or dimmer than others, but
pity the poor fellow who has no candle. He's completely in the dark.
At Milburn Farms do our own testing, but we have random samples
tested by another laboratory to monitor our results. We perform five
basic tests. The standard germination is used to determine if a seed
lot is worthy of further testing. A germination test resu l t below the
minimum certification standard does not preclude further testing. Indeed,
we often continue testing a lot no matter what its germination. We use
such tests as an autopsy to determine where the trouble lies . It is
important to learn from failures as well as successes.
A TZ test is used to evaluate mechanical damage and in some cases
the severity of disease or insect damage. The results of this test are
used for two purposes . The first is to evaluate the seed lot and the
second is to consult with our growers as to the kind of job they are
doing with their combines and handling equipment . Our growers respond
morP. rapidly and with less hesitation if we can show them specific
results of what rough handling, long falls and improper cylinder speeds
do to the seed they produced .
Another test we find valuable is a stress test using high temperature and relative humidity. Although, I won't say exactly what
conditions we use, it suffices to say that high levels of disease and
weathering result in greatly reduced vigor levels when the test results
are read. If there is excessive disease or fungal growth, this is du ly
noted and discussed with the grower .
A growth test is used to determine how rapidly and uniformly the
seed germinate and the seedlings grow. Varietal differences in growth
rate occurs, but I'll leave it to your imagination as to whether or not
we make adjustments for this. One more test is used to evaluate a seed
lot's vigor but I'll also leave that to your imagination.
The five tests do measure or evaluate some of the same life determining factors. These overlapping measurements are desirable because
when testing for vigor, "leave no stone unturned." This duplication
often permits us to determine why a particular life factor was low in
another test .
Although extensive testing is desirable, it will not produce or
maintain a seed lot's vigor. Testing, and the results one obtains, is
after the fact . It is as easy to measure the vigor of a bad seed lot as
it is an exceptional one -- the results are as accurate; but, "What
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have you measured?" Although one can learn a great deal from failure,
it's nice to measure success once in awhile.
A seed, whether a soybean or an acorn, has only one way to reproduce itsel f and that is through the plant. Many persons accept what
nature does because they feel they have no control over it. Seedsmen and
growers must learn to treat the plant in the field much as they would an
expectant mother. Everyone here who has a son or daughter did everything they could to insure the health and safety of their wife in anticipation of having a healthy, vigorous, robust offspring . Can we do l ess
for our f i elds of seed bearing plants?
At Milburn Farms , we believe what happens to the pl ant and immature
seed in the field is just as important, if not more so, as what happens
to the seed during and after harvest. The concept of producing high
quality seed must encompass the entire reproductive cycle or a "seed to
seed awareness". Care of the seed producing plant must begin at germination and continue until plant senescence. During periods of stress,
from either disease, insects, drouth, or low soil fertility, a plant's
survival mechanism begins to shut down physiological systems that can't
be supported. One of these systems is seed production.
To illustrate this point I share two recent occurances. The first
happened while attending a conference. After a particular speaker
concluded his formal presentation on soybean research he was asked if he
thought we will have soybeans in the future which will produce perhaps
100 bushels an acre . Without hesistation the speaker replied, "You have
them now! " On another occasion a grower told me he bel ieved he couldn't
grow high quality seed for us because it reduced his yields. From these
incidents I began to wonder, "Why we aren't producing higher yields?"
and "Are high yields inconsistent with the production of high quality
seed? "
A logical reasoning process would conclude that we aren't getting
higher yields because we do not have enough inputs into the plant.
Perhaps our fertility l evels are low, we tolerate to much disease and
insect damage or f-ail to irrigate during drouth. By the same reasoning
process we must conclude that high yields are compatable with high seed
quality. As indicated before, a plant must have enough reserves after
maintaining itself to produce its seed . If it can produce more seed
because it has more inputs doesn't it follow that when a plant has these
inputs they contribute to high vigor seed?
MARKETING
If we produce a premium product we beli eve we should receive a
premium price for it . The extra expense incurred in producing and
identifying a quality product necessitates this premium. Our producers
and contract growers al so recieve a portion of this premium because they
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produced a premium product and deserve added compensation. ~1ilburn
Farms asks $2.00 to $2.50 per bushel premium over ordinary certified or
regi stered seed prices. When we process non-certified seed this too
sells for a premium price, if it meets our "Vigor Profile" standards.
This may seem like just another way to get more money for the same
product, but let me remind you that this is not the same product nor
should it be used the same. It actually costs less per acre when used
properly.
When a farmer purchases seed from us he receives not only the
assurance of high quality but information concerning the use of high
quality seed. A seed count per pound is provided on each lot of seed
processed. In addition, a recommended pl anter plate and cog ratio is
provided for each seed count and make of planter. With known seed
quality, seed count per pound and planter settings, the farmer has the
information necessary to use the product properly to obtain the optimum
plant population.
Not all farmers are capable of using "Vigor Profile .. seed. We
don•t try to sell all farmers who come to us our best seed. If we sell
a farmer "Vigor Profile .. seed at a premium price and he can •t or doesn•t
use it properly he has wasted his money. In fact, he will probably
produce a lower yield or increase his cost for an equalivant yiel d.
In conclusion, it is our opinion that the only method that works in
a quality seed program is to produce quality; maintain and test for
quality, never lowering your standards regardless of the year, and
market that quality product by telling the consumer how to use it
properly.
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SEED VIGOR TESTING IN ALABAMA
Gurnia M. Moore

11

The Alabama State Department of Agriculture has been conducting a
seed vigor testing program for the past three years. Our vigo r tests
are limited to four crops; cotton, corn, soybeans and peanuts.
The purpose of our seed vigor testing program is to provide the
farmers with additional information concerning the quality of their
seeds . Seed dea l ers may use the resu l ts of our vigor tests as an aid in
their quality control programs. The results of our vigor tests are not
to be used for labeling purposes!
Our vigor tests are designed to identify those lots of seed which
will succeed under a wide range of field conditions as distinguished
from those that wil l succeed only under a much narrower range of favorable conditions. High vigor seed should establ ish a stand under
favorable, fair and relatively unfavorable conditions . That i s, they
will succeed under a wide range of field conditions. Medium vigor seed
have been found to be unpredictable in their performance; some will
succeed under a relatively wide range of field conditions , while others
will succeed only under a more narrow range of conditions . Low vigor
seed are expected to succeed onl y under very favorable conditions, if at
all.
We are conducting two basic types of vigor tests in Alabama. The
Texas Cool Test or Cool Germination Test which is used as a vigor test
for cottonseed and the Accelerated Aging Test which i s used as a vigor
test for corn , peanuts and soybeans. Since the greatest interest is in
cotton and soybeans, this di scussion is limited primarily to these two
crops.
The first test di scussed is the Texas Cool Test or Cool Germination
Test . This test was developed by Dr . Luther Byrd, Texas A&M University.
The test is conducted by placing the seed on moist paper towel s just as
one would for the standard germination test. The seed are then placed
in a germinator set at 18C or 65F constant temperature. Machine delinted seed remain at this temperature for seven days, acid delinted
seed for six days . At the end of this period all seedlings 1~-inch long
or longer and otherwise normal are considered as high vigor.
The greatest problem encountered with the Texas Cool Test has been
the tendency of new crop cottonseed to revert to a dormant state for
several months after harvest. These dormant seed are not dormant when
tested by the standard germination procedures. These are steps that can
be followed to overcome this problem near the end of the dormancy period.

!! Director, Seed Testing Laboratory, State Dept. of Agri .,
Montgomery, AL.
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The vigor test should relate to what happens in the fiel d under
stress conditions. For this reason, we have been conducting field
emergence tests in an effort to correlate our laboratory vigor tests
with stress conditions in the fie l d. The data in Table 1 permits a
comparison among twenty samples of cottonseed tested during 1974.
The first field planting was made April 11, 1974. Note the highest
field emergence obtained on this date was 32%. Approximately six days
after the first fiel d planting, the temperature dropped to near freezing
and was very cool for several days . These seed were subjected to a
great deal of stress. Cottonseed are often pl anted the last week of
March or the first week of April in the Tennessee Valley area of north
Al abama. It is expected that cottonseed pl anted at this time wi ll be
subjected to a great deal of stress. Some people say that the farmers
should not plant their cotton this early, however, early planted cotton
usua l ly makes the farmers more money. This being the case, there is
good reason for them to plant early.
Further note that of the top six performers in the Texas Cool Test
(Table 1) five were in the top six performers in the field at the first
planting. Only three of the top six performers by the standard germination test were in the top six in the field at the first planting .
Table 2 gives the data for nine samples of cottonseed tested in
1976. Each of the field emergence test results given are the average of
four - 100 seed replicates randomly planted on each date. The top four
performers in the cool test were the top four performers in the field
for the first planting. Also, the top four performers by the standard
germiantion test were the top four performers in the field. Thus , the
standard germination and vigor test were equal in determining the best
performers in the field in this test.
We determine both rank correlation and percenta ge correlation when
compar i ng our laboratory vigor and field emergence tests under stress
conditions. In this case, both the laboratory vigor and the standard
germination tests did a good job in obtaining ran k correlation. However, the cool test was far superior for obtaining percentage correlation in both the first and second plantings.
The Accelerated Aging Test is used as a vigor test for soybeans,
corn and peanuts. This test is conducted by placing soybean seed in an
aging chamber at 41C (106F) and high humidity. The seed are left in
this chamber for 96 hours. After aging the soybeans are removed from
the chamber. A sample is taken from each tray in the chamber and tested
for moisture. The seed should contain between 17 and 18% moisture if
the test conditions have been proper. The seed are then placed in
rolled towels and germinated as a standard germination test. The
seedlings are counted on the fourth day and all seedlings 2-inches long
or longer and normal in development are considered as high vigor.
The data presented in Table 3 represents twenty-four lots of soybean seed tested in 1974. The first two field emergence plantings were
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Table 1.

Lab. No.

Laboratory and field emergence test results from 20 lots
of cottonseed .
Standard
Germ.

Texas Cool
Test

Field Emergence Tests
(Planting Dates}
4/11/74 4/26/74 5/14/74

71256

88%

42%

4%

35%

54%

71282

92

52

5

40

66

71285

88

55

5

46

62

71307

71

33

13

38

43

71344

51

3

1

6

6

71357

88

37

2

32

42

71454

91

61

32

60

80

71558

76

46

11

53

65

71622

73

44

5

41

46

71649

91

65

25

54

73

71885

69

33

11

29

33

71889

80

40

13

31

32

71891

80

55

12

49

46

71895

88

47

23

37

46

71898

85

57

16

49

56

71914

84

58

17

42

61

71 916

76

47

7

32

46

71917

75

51

2

39

52

71931

81

49

6

52

59

82
80.45%

55
46 . 50%

15
11. 25%

40
40.25%

31
49.95%

71968
Average
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Table 2.

Lab. No .

Laboratory and field emergence test results from nine lots
of cottonseed.
Standard
Genn.
%

Texas Cool
Test
%

Field Emergence Tests
{Planting Dates}
4/11/74 4/26/74 5/14/74
%

%

%

88394

83

38

38

49

59

88396

76

29

38

37

51

88409

89

56

60

59

70

88416

93

67

56

64

78

88417

92

55

56

64

75

88421

82

44

34

33

52

88422

87

57

38

44

57

88423

80

36

25

33

49

88429

76

25

34

41

50

88 . 22

45.22

42.11

47 . 11

60.11

Average

07

Table 3.

Laboratory and field emergence test results from 24 lots
of soybeans.
96-hr. Ace .
Aging Test

Lab . No.

Standard
Germ .
%

%

70997
70998
71001
71003
71036
71145
71172
71272
71332
71333
71413
71414
71518
71536
71541
71542
71555
71564
71607
71608
71633
71637
71674
71675
Average

79
64
72
51
83
80
87
93
90
92
73
88
82
82
89
88
92
75
75
87
92
84
72
82
01. 33

67
43
42
42
73
60
64
87
69
48
26
46
33
29
76
74
85
53
62
66
61
67
41
41
56 . 46

Field Emergence Tests
(Pl anting Dates}
4/11/74 4/26/74 5/14/74
%

40
30
38
46
77

36
30
93
57
50
20
60
37
36
88
87
92
66
67
56
67
63
64
58
56.58

%

%

25
31
32
19
50
18
24
85
37
32
4
36
14
16
84
78
85
36
38
36
45
56
33
32
39.42

76
49
66
56
61
44
69
93
86
78
33
78
53
62
90
89
92
70
76
75
76
71
61
67
69.62
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made at the Tennessee Valley Sub-station, Belle t~ina, Alabama. The
third planting was made at the Wiregrass Sub-Station, Headland, Alabama,
which is approximately 300 miles south of the Tennessee Valley SubStation. The Tennessee Valley Sub-Station has a clay soil type, but the
Wiregrass Sub-Station has a sandy loam soil type.
These lots of seed were selected for fiel d emergence tests on the
basis of high, medium and low vigor ratings in laboratory tests. We
considered soybeans with a vigor rating of 70% or better as high vigor.
Soybeans with a vigor rating of from 55% thru 69% were consi dered medium
vigor. Those with less than 55% vigor were considered low vigor . Note
that in practically every instance the high vigor seed performed extremely well. The medium vigor seeds were very erratic and inconsistent
in their performance. Also, note that all seed which met the minimum
germination standards for certification were not satisfactory for planting purposes when judged by the field emergence test results.
The data in Table 4 are the results from twelve lots of soybean
seed tested in our laboratory with the field emergence tests planted at
the Tennessee Valley Sub-Station in 1976 . The fie l d conditions were
very favorable for germination and emergence on both planting of dates.
The field plantings consisted of four - 100 seed replicates randomly
planted from each lot on each planting date. Since field conditions
were very favorable for germination and emergence at the time of planting it was expected that the field results would agree with the standard
germination test results. However, note that the performance of the
medium and low vigor seeds was very erratic. The high vigor seeds were
very consistent. We concluded that farmers cannot consistently obtain
accurate performance from precision planted seed without using high
vigor seed. Medium and low vigor seed are unpredictable and often
erratic in their performance.
Table 5 gives the average results obtained from twenty-one lots of
soybean seed, each representing a different variety . The standard
germination and vigor tests were conducted at the Alabama State Seed
Testing Laboratory . The field emergence tests, made by Dr. Don L.
Thurlow, Auburn University, represent from one to three planting dates
at ten l ocations in Alabama. For 18 of the 19 lots, the aging test was
equal or better in predicting field performance than the standard germination test, not including the two treated l ots.
In Alabama, we never conduct a vigor test without making a standard
germination test . It is our belief that both tests are needed to estimate the quality of the seed. The standard germination test should
establish the highest potential field emergence under the most favorable
conditions . The vigor test will identify those seed lots most likely
succeed or fail under stress conditions .
The number of our farmers who are requesting a vigor test on their
cotton and soybean seed is growing rapidly. Also, the numbe r of retail
seed dealers who have requested that we conduct a vigor test on all
their cotton and soybean seed has increased greatly during the past
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Table 4.

Lab. No.

Labo rato ry and f i eld emergence test results from 12 l ots of
soybeans.
Standard
Germ.
%

96- hr. Ace.
Aging Test
%

Fiel d Emergence Tests
Planti ng Dates
5/5/76
5/20/76
%

%

88762

93

91

89

91

09703

91

80

91

88

09706

89

83

90

91

09682

82

64

69

63

88426

91

77

92

86

09708

80

64

77

79

88728

80

65

68

63

09742

74

56

64

60

88870

75

51

74

77

88804

72

53

56

59

90999

91

77

90

88

91005

77

59

78

74

82.92

68.33

78 . 17

76.58

Ave rage

Table 5.

Variety
Lancer
Mack
Dare ll
Lee 74
Davis ll
Lee 68
Tracy
Ransom
Bragg
Hutton
Cobb
Coker 136
Coker 277
Coker 338
Coker 842
FFR 666
FFR 667
FFR 6024
McNair 500
f~cNa i r 600
McNair 800
Average

Relation of laboratory germination and vigor rating to
field emergence of 21 soybean varieties planted at ten
locations in Alabama in 1976.
Standard Germ.
%

96-hr. Ace .
Aging Test %

Field Emergence %

92
92
41
81
32
88
81
59
89
90
75
70
91
88
86
80
92
88
91
68
68

65
14
76
63
42
80
85
64
65
83
87
83
68
78
79
90
63
46

52
79
78
65
60
79
82
76
63
77
76
83
56
70

82 . 58

73.53

71.95

90
90

31
78
51 ll
70
34 ll
70

13

72

11 Treated with arasan before field emer gence testing .
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year. I often ask the retail seed dealers who request this test, "Why
do you want a vigor test?" The answer that I have received most often
is that farmers are asking for the vigor rating before they will purchase seed from me. I have heard several retail seed dealers and farmers make the statement that they would rather have a vigor test than the
germination test. Some wholesale seed dealers who complained abo ut our
vigor testing program in the beginning are now requesti ng a vigor test
on some of their seed . One wholesa l er, who initially complained the
most , requested a vigor test on all cotton , corn and soybean seed
samples drawn at his warehouse this spring by our state seed inspectors.
A few individuals have made the statement that they do not want a
vigor test on their seed because this is just another factor with which
they will have to deal. Every time you sell a lot of seed you are going
to deal with the vigor factor inherent in that lot of seed . When a
farmer plants your seed will he be very pleased with their performance,
mildly pleased, or displeased? If he is displeased, the very best that
can happen to you, the seller, is the loss of a customer. What you
don't know about your seed can hurt you. It can cost you a customer and
possibly your business!
Our vigor tests are intended primarily for the benefit of the
farmers. However, if seed dealers would make use of a seed vigor testing program, they could el iminate most lots with potential to give
problems in stand establishment . Last year, at the meeting of the
Association of Official Seed Analysts symposi um on "Seed Vigor Testing,"
a representative from a seed company stated that, "the vigor test is an
indispensible tool in the production of high quality seed. Seedsmen can
benefit by improving their business through providing high quality seed
at a slightly higher price." This representative further stated in
response to a question, "Those companies and farmers who cannot provide
their own test information should be able to obtain vigor test results
from state and commercial seed laboratories."
Dr. Don Grabe stated in his presidential address to the Association
of Official Seed Analysts, "Seed testing has not changed greatly since
1904." He further stated , "We should provide 100re information on' the
planting value of seed." Seed vigor testing is a step in this direction.
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THE VIGOR TESTING CONTROVERSY
Charles C. Baskin

11

Differences in vigor among seed lots have been observed for quite
a few years. Some seed produce a stand under adverse field conditions
while others do not; some seed produce a stand much faster than others;
some seed produce a much more uniform stand than others ; plants from one
lot of seed may grow faster and even in some cases yield more than
plants from another lot when planted in the same field and under the
same conditions. All of above des cribe the performance of seed of
different vigor levels, as described by researchers. Differences in
seed performance may be due to differences in the seed. Quite possibl y
they are due to differences in seed quality or vigor .
There are a number of different factors that can affect the quality
of seed. A discussion of these would be quite lengthy and involved. It
suffices to say that differences in seed lots do exist and can be measured.
Researchers have devoted many hours to the study of vigor or
quality; what determines quality, how to measure it, and what are the
results of reduced vigor or low quality in terms of plant performance .
Numerous workers have very accurately measured differences in seed vigor
in the laboratory and in the field. Several laboratory methods have
been developed to measure differences in seed quality or vigor . Many
papers have been publ ished describing these methods and documenting the
results of experiments that have successfully demonstrated the effects
of seed vigor on seed germination, seedling growth, plant development
and in some cases, yield.
One can take a number of lots of seed into a research or testing
laboratory and , with the proper equipment and knowledge of how to conduct and interpret tests, array these several lots in order from high
vigor to low vigor if differences in vigor exist. This can be done with
several different tests for many seed kinds. These different tests will
give within tolerance levels the same relative rank or rating to this
group of seed lots. Absolute values may, and in many instances will,
vary . Variation in results does not mean that the tests are not valid
and, therefore, of no value in determining seed quality.
Different researchers working with the same or similar tests have
developed different methods and ratings. Farmers and seedsmen have
heard and read about these studies. They have sought to benefit from
this research and are now beginning to do so. It is absolutel y neces sary , when using any of these tests, that the test methods and intrepretation of results be the same as described by the research worker,

1J
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otherwise the same results and applications cannot be expected. Varying
conditions of tests, equipment and/or interpretation may make a great
difference in resu l ts and meaning of results.
Most of the questions not yet answered by research lie in the area
of the relationship between laboratory tests for vigor and field performance . This area is under investigation. Some work has been completed and within the next few years information should be available
concerning some of the more widely planted species; cotton, soybeans,
etc .
As vigor testing has emerged from the research laboratories and
found its way into the seed processing plant, the seed testing laboratory and on t he farms, a lot of misunderstandings, apprehens ion and
mixed emotions about when, how, where, and if vigor tests shoul d be used
have emerged also. There is, as should be expected, some misuse of
vigor testing and vigor test information by those who really don ' t
understand what they are doing. This is true of many things, new or
old. Everyone must know what they are doing and how to use the information or they will get into trouble!
One of the primary objections, given by seedsmen, to vigor testing,
is that , "Vigor tests are not standardized , therefore there can be no
repeati bil ity of tests f orm one 1aboratory to another." It is true that
tests are not standardized but this shoul d not deter the use of vigor
tests. Standard germination tests, are "standardized" but repeatibility
is often a problem from one laboratory to another, even within the same
laboratory when seed quality is marginal. A case in point; some seedsmen wi l l get as many as five or six germination tests on the same lot
of seed from several different laboratories . It is possible for these
germination tests on the same sample to vary considerably, espec ially
when quality is marginal . Getting a truely representative sampl e i s
sometimes very difficul t . Also, there may be di fferences in interpretation of normal and abnormal seedl ings, especial ly when an analyst
doesn't conduct many tests on a particular kind of seed.
Since there are different vigor tests offered, variations in
methods of conducting these tests and variations in their •interpretation, how can they be used? Each laboratory conducting vigor tests
should be able to give an interpretation of their results . Even though
a more definate relationship between laboraotry tests results and field
performance needs to be establ ished for widespread testing , results of
the tests can now be general ly related to fie l d performance. Seedl ings
or seed lots can be cl assifi ded as strong , average, marginal or poor;
for exampl e , suitabl e or not suitable for plant i ng. Such informat ion
coul d be very valuable to farmers if it was available to them. The same
information could be very useful to seedsmen in a marketing program . It
coul d prevent the marketing of marginal or poor quality lots of seed,
the lots that bring complaints and create problems.
Another strong objection to vigor testing is that it may be required for labeling purposes. It is highly questionable that this will
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or should occur. It seems better to use vigor testing in the quality
control and marketing programs not regulatory programs. Seed firms
could designate their high quality seed in some way, use this in sal es
promotion, thus making availabl e high quality seed with an establi shed
vigor level avai labl e to those that want them and are willing to pay for
them. The remainder of the seed could be sol d on the same basis that
seed are sold at present . High quality seed shoul d command a premium
price the same as other high quality products . Some seedsmen are using
this approach with soybeans and seem to be well pleased with their
efforts .
Another objection to vigor testing expressed by some seedsmen has
been the establishment of a differential pricing program and, "what
happens when you can 't suppl y "high vigor" seed?" First, vigor testing
doesn't create a differential pricing program greater than that already
being used. Most seedsmen currently sell certified and several grades
of non-certified seed and/or different classes of certified seed.
Adding premium quality, high vigor seed only adds one more item.
As far as supply is concerned , not every farmer will want to pay a
premium price for high quality seed. It's also true that in some years
there may not be enough to supply the demand but this is true with most
products of this nature. When high quality seed are in short supply and
a farmer has to buy another grade at least he will know that the seed
are of average quality and can plan accordingly.
Another approach to marketing would be for the originator to make
results of vigor tests on lots of seed availabl e on request . However ,
this doesn 't appear to be as good a marketing tool as designating the
high qual ity seed .
Most of the "unrest" or concern about seed vigor testing appears to
be unjustified . More people need to investigate the problems and potentials in detail before becoming alarmed . Farmers need to reali ze
vigor testing isn't going to solve all the ir problems, rather recognize
it as another management tool. Seedsmen must realize that it isn't
going to put them out of business nor i s it going to eliminate all of
thei r problems. It's only one more decision making and merchand izing
tool which can be used to increase service and profit potentials.
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SEEDSMEN' S RES PONS IBILTIES UNDER SEED LAWS
George E. Spainl!
We are living in a period of time in which the regulation of business by government is frequently considered excessive. Therefore , it is
sometimes unpopular for someone in regulatory activities to occupy that
part of a program that speaks to compliance and responsibilities under
regulations and laws.
Seed laws, just like other commodity laws and regulations , establish the boundaries of acceptabl e marketing practices for that commodity. In that sense, they may well be co nsidered as "trade practice
rules". They are necessary in a free-enterprise marketing system.
Without such trade practice rules, unfair competition could destroy the
competitive marketing systems of seed .
Seed laws help in keeping the market of seed as fair and equitable
as possible for seedsmen and seed consumers. They also speak to the
legal parameters on which a consideration of values and/or damages may
emerge when there are different opinions about the quality of seed.
Most responsible seedsmen are careful to stay within these "rules
of practice", not only to maintain good public relations, or to prevent
costly legal involvement , but because they have a dedication to provide
a useful product that wi l l benefit and satisfy the consumer. The fu t ure
of their business depends on it. .
One must also consider the consumer's position in the examination
of these "trade practice rules". We live in an enlightened society.
Many farmers are wel l educated , to the poi nt that they can commun i cate
professionally about genetics, f ungi cides, seed germination and vigor,
and econom1cs. They can also discuss perhaps with legal assista nce,
consumers' rights, businessmen's liabilities , and claims for damages i f
they believe seed have beenmisrepresented to them.
It seems apparent, then, that seed distribution, as now pr acticed ,
could not survive without regulations adequate to protect both the
seller and the buyer , and to assure fair competition in a seed marketing
system that includes individuals and firms of all sizes and all ki nds .
Basic Information on Seed
What do these trade practice rules, or marketing l aws, requ i re
other than the requirements establ ished for all commodities, such as the
unit of measurement (weight or count) and the name of the supplier?
Seed laws basical ly require that information be preserved and transmitted
about three subjects: identity, contamination and viability of seed .

l/D i rector, Seed Regulatory Services , N.C. Dept. of Agri. , Ralei gh ,
N.C.
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Perhaps its elementary for me to tell you that the components of
identity are: lot number, origin, name of ki nd and variety, and the
vendor's name. Some states and the Federal Seed Act permit seed to be
labeled, "No Variety Stated'1 • At lea st one state, and maybe more,
require the wording "Variety Not Known" in lieu of the variety statement. It should be remembered that seedsmen are responsible for knowing
which varieties are protected under the Plant Variety Protection Act.
If the variety is protected under seed certification options, the
variety may only be sold as a class of certified seed. Stop sales will
be issued on lots of those varieties if they are not certified. If the
variety is protected without the certification option, you may be sued
by the owner of the variety. However, no stop sales will be written by
your seed control official.
Contamination must be classified into one or more of the following:
inert matter, other crop seed, common weed seed, and the name and number
per pound of noxious weeds .
Viability is expressed as percent germination with the date the
test was made supporting the label statement.
Two basic facts must be recognized. All the statements besed on
la boratory evaluations are only estimates. There are no abso lute statements of quality. Also, the laboratory information is of little or no
value unless the sample tested is a representative sample from a unifor~
lot of seed. These tests should be mc!e by Registered Seed Technologists
or an official laboratory under standard rules for testing seed.
All seed laws require special labels for seed which have been
treated. Other information is optional but usually provided for specific
reasons, such as the sizing information on hybrid field corn seed.
Within the framework above, I would suggest several responsibi lities
of seedsmen under most State and Federal Seed Laws.
Lot Uniformity
Regardless of its routing, you should be sure a seed lot qualifies
under the definition of a lot. That is, it should be uniform throughout
for the qualities stated on the label. If a lot does not meet this
requirement, you will have difficulties no matter how many other requ irements you meet. No samp le from it will be representative. There is no
way to satisfactori ly merchandize a lot of fescue seed, for example,
when some bags have 54 curled dock per pound, while others have in
excess of 1200 curled dock per pound . This is not an exaggerated example.
It describes more than 2,000 bags of seed currently under restriction in
North Caroli na today. Every bag label carries the same lot number.
Oealer 1 s Responsibility to Know the Law
Seedsmen who ship interstate have the responsibility to determine
whether their seed and labels are acceptable in the state to which they
are sent. Unfortunately, most states have some specific requirements
which their Legislature or Board of Agriculture, believe are important.
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This is especially true of noxious weeds. It is a good idea to keep in
your files the current laws and regulations of each state into which
your seed will move . If you do not keep a current file, quick references are either the "Di rectory and Buyers Guide , Southern Seedsmen's
Association", or the "Seed Trade Buyers Guide", publ ished by Seed World .
Concerni ng noxious weeds , remember that if your test is made by a state
seed laboratory or many commercial testi ng laboratories, the noxious
weed identification may include only the noxious weeds of that state.
The lot may move into states which have different noxious requirements.
For this reason, it is to your advantage to ask for an all states
noxious test if your seed will move outside your state.
Records
You shou ld give high priority to keeping a compl ete records sys tem.
These records should include:
a) Receivi ng invoices - showing source , amount received, vari ety
identification, which may include a growers affidavit or other identi fication of parent stock. An additional item is to make and record a
moisture test .
b) Processing records - which note the quantity of cleaned seed and
the identification you establish for the lot.
c) Seed analysis records - which may include purity examinations ,
noxious weed analyses , germination tests, cold tests, TZ tests or other
viability tests. It is a good idea to obtain both preliminary germination test records and the processed lot germination records.
d) Chemicals applied - which show the identify of the chemicals,
rate used, and any other modifi cation of seed such as encapsulating,
addition of rhizobia l bacteria, etc .
e) Shi eping records - whi ch include numbered and dated invoi ces,
being espec1a lly sure the i nvoices show the lot numbers which are related to the receiving records.
f) Labeling information - which can be simplified by keepi ng copies
of the labels attached to the lot. Most seedsmen give themselves a
little protection labeling slightly under the qua l ity value of a laboratory report. Pure seed mignt be 99.80% on the report. It is advisable
in most seedsmen' s opinion to la bel the pure seed as 99% or even less to
allow for the variability within each lot. A seedsman should never
label better than the test results. Tolerances establ ished in seed law
enforcement are intended to take care of sampling and testing variability, not lot variability.
g) Seed sample f il e - This should be a sample from the lot after it
is processed. It is a good idea to attach a copy of the label to the
sample.
h) Records and samples - are required to be kept two years by most
state seed laws . The Federal Seed Act requi res records and samples to
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be kept three years, or one year after the lot is depleted.
Labeling or Pretagging Seed Containers
A basic requirement of labeling is that each container of seed must
be labeled when it leaves the processor. This requirement has only one
restricted exception . Under the Federal Seed Act, seed may move interstate without individual container labeling, but only if: (1) the
shipment is 20,000 pounds or more, (2) the required labeling information
is transmitted by other documents, such as an invoice or lab report and
(3) each container is marked with the lot number. The last requirement
mentioned is most frequently ignored. We have much difficulty in our
state with seed in unmarked bags which bear no labels. There is no good
assurance that the proper labels will ever be attached to the bags for
which they are intended. Seed regulatory offic i als are forced to issue
stop sale orders, assess a service penalty and complete the ana lysi s
before the stop sale is lifted when seed are delivered without meeting
the requirements stated above. Mailing the labels, or sending them with
the truck driver does not satisfactorily meet the requirement that each
container of seed be labeled or identified under the exception mentioned.
Labeling or Advertising Information Not Required by Law
Much useful and desirable information may be provided concerning
seed which is not requ ired by law. However, just because the law doesn't
require it does not absol ve the seedsman of his responsibility if it is
false . It is often said that seed laws are "truthful labeling" laws.
Most seed laws prohi bit misrepresentation of ~ eed in any manner by
labeling or advertisement. There are two areas of special concern about
non-required labeling information .
The first concerns disease resistance. Almost every year we have
complaints from farmers whose crops are seriously affected by plant
diseases, and therefore believe that the seed or the variety has been
misrepresented. Most people who have a reasonable association with
plant pathology recognize that "resistance" does not mean ''immunity" ..
This is little conso lation to the farmer who believes "resistance" gives
him some insurance against crop failure from the disease to which "resistance" is claimed. A case in point is a North Carolina farmer who
purchased hybrid corn which was characterized as resistant to MDMV and
stunt virus. This resistance was the feature whi'ch led him to buy the
hybrid for the first time . Hfs crop was a failure due to MDMV and stunt
virus, according to the plant disease clinic at NCSU. In my opinion,
the hybrid was misrepresented even though it was probably a little more
resistant than some other hybrids . However, the "resistance" was not
adequate to give him the needed protection . I understand there is some
effort now underway between the American Seed Trade Association, plant
breeders and plant pathologists to establish common terminology for
characterizing varieties for disease resistance. Such standards are
badly needed.
Another subject which invites our attention is labeling for vigor.
I have identified myself with the belief that more precise testing for
germination and/or vigor is inevitable. I also believe such information
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is valuable to the consumer. However, we l ack experience in estimating
and representing vigor for seed marketing. Vigor claims will likely be
abused, and some grief is expected before a consensus and an acceptable
labeling structure i s developed. There are now trade marks, logos, and
brand names of seed which address the terms such as "vigor tested",
"vigor proven", "vigor rated" , and one system called "TP 1 " seeds. The
"TP 1 " translates into total plant physiological processes. There are
others
. Additionally, many advertisements refer to a company ' s seed
products as vigorous which could be implied to mea n all the seed they
sell have high germination vigor. One company's handbook on corn hybrids claimed early seedling vigor in all their description
hybrid. They were referring to the vigor associated with genetic selection. What a paradox it is that a hybrid which is genetically vigorous may be notably non-vigorous in terms of germination and growth.
How do you reconcile a complaint about that lot?
This subject must be addressed and soon by seedsmen, seed analysts
and seed control officials. There is some agreement among seed control
officials in the southeast that vigor should not be claimed unless a
numerica l statement of vigor is made along with a date of test and
identification of the test procedure used to support the claim. Such a
claim can be verified at least for a reasonable period of time. What
the industry and seed control officials need to fear is the kind of
advertisements and claims which promise vigor by calling attention to
it, whether or not it is delivered. As vigor statements become more
prominent and more frequent, all seedsmen are going to find themselves
in the competitive position of making similar claims. This is truly a
subject that will require some sound judgment in the devel opment of
acceptable terms and claims in trade practice rules or seed regulations.
Arbitration of Complaints
Regardless of how efficiently your business is conducted , you will
eventually have a complaint against the performance of your seed. We
can all accept the fact that poor stand development or market rejection
of a commodity produced from your seed is often due to factors other
than seed qua l ity . Different companies follow different procedures or
policies in answering complaints. Some companies try to ignore them or
procrastinate until all possible interactions of time and climate obscure the real reason for failure. Others believe an adjus tment sets a
precedent that would bring on unlimited similar complaints. There are
companies who make adjustments for complaints when they know that the
seed were not responsible for the failure. Apparently, each company
must establish the policy which is best for the company.
I call your attention to the "Investigation and Arbitration"
committees that are receiving a lot of attention among seedsmen. The
State of Florida was the first state to establish an arbitrati on committee under their Seed Law . North Carolina was second. Provisions for
a model arbitration law have been added to the Recommended Uniform
States Seed Law with the support of the American Seed Trade Association.
This model law provides for a committee to investigate complaints that
seed have failed to perform as represented . The complaints must be
formal and the committee assignment requested in writing. There is a
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time limit after which the committee may not be assigned. In North
Carolina that limit is 10 days after first notice of failure . All
evidence must be left undisturbed so the committee has someth ing on
which to make decisions. The composition of the committee i s restricted
to provide for expertise i n the crop be ing i nves tigated and balancing
any prejudice that might exist. In North Caroli na , three membe rs mus t
be appointed; one each on the recommendation of the Director of Research, NCSU; the Director of Extension , NCSU , and the Presi dent of the
North Carolina Seedsmen' s Association. Two other members are appointed
by the Commissioner of Agric ul ture , one of whom must be a farmer not
engaged i n produc ing or selling seed. The fifth member is a free choice
of the Commissioner and is usually a member of his staff .
The commi ttee is charged with i nvestigating all details related to
the complaint and must make a written report to t he Commissioner. In
that report the committee may recommend a monetary settlement if they
consi der the complaint against the seed was valid.
A copy of the report is provided the seedsmen and the farmer. They
are not bound in any way to accept the committee ' s recommendation for
settlement , if such a recommendation is made. If they do not agree with
the f indings or recommendations of the committee , either party may enter
civi l court action for settlement.
We bel ieve the committee has been of benefit to both farme rs and
seedsmen. Farmers have come to realize that the committee is go ing to
investigate weather data, planting conditions , pesticides used, inspect
the planting equipment, test any remnant seed lots, survey the performance of other parts of the lot planted by other farmers, and pursue
any other details which have merit on the performance of the seed.
Therefore, the fa rmer is not l ikely to make fr i volous compl aints unless
he trul y believes his complaint will be supported by a complete investigation.
On the other hand, we find that seedsmen are becoming more eager to
respond to complaints. They seem to be more wi lli ng to agree to adjustments , if they believe the seed quality will not bear full investigation.
Also, they seem to want to make the first offer of adjustment rather
than have a committee make a recommendation .
Our policy, upon receiving a complaint , is to advise the farmer and
seedsman to review the seed performance together if they have not already
done so . VIe recommend that they agree, if possible, on the reason for
matters of complaint and on adjustments if they concur that an adjustment is advisable. Only when they are at an impasse do we advi se a
forma l r equest for committee revi ew .
It is not possibl e to review all responsibi li ties or examp les of
each circumstance wh i ch might ari se . r want to leave you with the
suggestion that you establ i sh communication with your seed cont rol
official on any question you are not completely sure about. Do this ,
preferably , before you commi t yourself in the market. Perhaps he can
help you avoid some penalties, or at least some agony. I like to think
that our seedsmen feel perfectly at ease to call me to discuss any
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question on their mind. I want to believe the seed control official
in your state has the same kind of communication with you . Most difficulties are more easily resolved when close communications are maintained .
Finally, I urge each of you to ally yourself with some seed association. It may be a Certified Growers Association, your State's Seedsmen ' s
Association, the Southern Seedsmen ' s Association, or the American Seed
Trade Association. Your benefits will far outweigh the cost. Each of
these associations have legislative committees which are dedicated to
your business interest. Seed control officials expect and appreciate the
chance to work with these associations in matters of seed legislation .
These are the forums in which the "Ru les of Practice" are established.
Once established, you will find yo urself under the obligation of those
rules. You should be and you probably will be held to those rules for
the common interest of your profession as well as the consumers of your
product.
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PATHOLOGICAL ASPECTS OF SEED QUALITY
C. Hunter Andrews11
The successful production of crops includes much more than just the
optimum combination of environmental factors. Plants are subject to
many natural shocks, and pests rank high among such factors. Plant
pests include all life forms destructive to plants - the whole biological spectrum is represented .
Pathogens comprise one major group of plant pests, and their injurious effects are evident as diseases on both plants and seeds.
Various estimates are available; however, a fairly conservative one for
the annual cost of disease control in the United States is $230 million,
third in ranking behind $2~ bi ll ion for weed control and $430 million
for insects .
Many new pathogens are identified each year by plant and seed
pathologists. Generally, they do this by studying the microflora of
seeds and differentiating among the mycological, bacterial and viral
seed -borne pathogens . Through their efforts we find that fungi by far
are the greatest cause of plant diseases such as stem, leaf and root
disorders. Bacteria cause primarily leaf spots on plants, while viruses
produce general plant distortion and dis-function. All three of these
pathogens can be transmitted by seeds.
Pathogenic signs and symptoms are quite con~on in most pl ants and
seeds, such as smuts on small grains and purple stain on soybean seed.
Seed pathogens are not new, and it is generally conceded that testing
for pathogenic association in seeds - seed health testing - began in
earnest in the early 1900's in Europe - probably Holland . These early
scientists concluded that (1) diseases were present in growing crops;
(2) diseases caused deterioration in stored seeds; and (3) that in some
cases, both man and animal s could be poisoned by their by-products.
Futher studies on pathogenic association in seeds revealed that
disease producing inoculum is ever present, and s imilarly as with other
pests, an economic threshold exists for each disease, i.e., the level or
incidence of the disease above which control measures will be economically profitable. Additionally, studies revealed that circumstances
exist which cause fluctuations in disease incidence or build up - favorable weather often promotes disease build-up; damaged seed are predisposed to entry and contamination by disease; and low quality seed
are known to leake exudates upon which diseases proliferate.
Fortunately, we have some defense mechanisms upon which we can
depend to give some measure of protection against diseases. Most resistance "built into plant systems by plant breeders offers both chemical and structural resistance. Then, there is some natural degree of
11

1JProfessor of Agronomy, MAFES, Miss. State, MS 39762.
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antagonism among various diseases which means that one disease may
develop while preventing others to do so. And, we have been long dependent upon various seed treatment chemicals for disease control.
Thus, separately or in combination with one another, these defense
mechanisms assist in minimizing serious diseases in many situations.
Certainly, plant pathogens are numerous and spread widely over the
entire spectrum of seed producing plants. In soybeans, for example,
pathologists have identified 66 fungi, 6 bacteria, and 8 viruses Cercospora, Diaporthe, Colletotrichum , Aspergillus, Macrophomina,
Peronospora, and Alternaria- are a few examples. Dr . Bob Davis, pathologi st at the Delta Branch Station at Stonevi ll e, Mississippi, conducted
some research with cotton seed from 1972-1974 by associating diseases
with high, medi um and low quality cotton seed as judged by germination.
Table 1 shows the germination levels or qual i ty l evel s of the seed and
the diseases isolated from each.
Table 1.

Microflora of acid delinted cott~? seed associated with
different levels of germination .High 95%
Microflora

Germination
Med. 83%

Low 60%

-----------%incidence------------ -

Al ternaria
Aspergillus
Fusarium
Mucor
Penicillium
Rhizopus
Other Fungi
Bacteria
TOTAL

28
4
68

3
3
0

4
45
19
73
9
22

5

195
26
588

17

9

8

186
5

7

16

27

122

196

1049

1/After Davis, 1975.
These seed were germinated each year for three years , and the results are shown in Table 2. The high qua li ty seed which initial ly
germinated 95% and expressed the l owest level of pathogens , maintained
their germination over the three year period. The low quality seed
which initially germinated 60 and had the highest level of pathogenic
association germinated only 46% after the three year period.
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Table 2. Germination of three quality levels of acid delinted c~;ton
seed with different degrees of pathogenic association.Quality
High 95%
Med 83%
Low 60%

Mar . '72
95
83
60

Germination %
May '73
May '74
90
66
41

92
68
46

1/After Davis, 1975.
More recently, the use of foliar fungicides to control plant dis eases has received considerabl e attention. Our research emphasized the
use of benomyl in controll ing late season diseases on soybeans. Table 3
shows the results of fungi bioassay tests on three soybean cu lti vars
which were sprayed with benomyl in 1975 . Of particular interest is the
rate of occurrence of Diaporthe (DPS or Pod and Stem Blight , ) which was
quite severe in 1975 due to environmental conditions . The early season
Hil l (maturing late September) and the mid-season Forrest (maturing midOctober) exhibited the highest rate of Pod and Stem Blight with a drastic i ncrease as harvest was delayed. On the other hand, the Bragg
cultivar, maturing in late October, exhibited a lower incidence of Pod
and Stem Blight, although it too had a dramatic increase in contamination as harvest was delayed. Further evaluation of the effects of
benomyl on seed quality are revealed by germi nati on results in Table 4
and yield in Tabl e 5.
Results from 1976 work revealed similar responses; however, the
incidence of Pod and Stem Blight was not as severe due to the extremely
dry weather conditions. I would hasten to point out that responses from
foliar fungicides vary considerably from one geographical region to
another. Disease incidence depends largely upon weather, inoculum,
etc., and this varies from year to year.
The pathologists at the University of Il linois , under the leadership of Or. Jim Sinclair, have made some rather significant findings in
recent years concerning seed patho logy. Rea li zing that many disease
causing fungi and bacteria of soybean are seed-borne (carried in the
seedcoat of the seed), Sinclair's group provided sound proof that various
microorganisms are carried in the seedcoat. These microorganisms, whose
symptoms may be very conspicuous or show no symptoms at all, attack
seeds in storage or when they are planted which reduces seedling vigor
and often causes death.
Anthracnose, a common soybean disease in the humid subtropics and
tropics, is caused by the fungus, Colletotrichum Dematium var . Truncat um. The fruiting structures, called acervuli, occur randomly on the
soybean stems anytime during the growing season. Infected seeds become
quite discolored, and the mycel l ium (infection threads) can readily be
seen growing among the cells of the seed coat .

Table 3.

Effect of rates of benomyl and harvest dates on incidence of microorganisms associated with
Hill, Forrest, and Bragg soybean seeds i n 1975.

Cultivar

Hill

Benomyl
Treatments
(Lba . i./A)

lst Harvest
~~L

tenuis

spp .

2nd Harvest
Other
A. ~
F.
Fungi tenuis
spp.

%

3rd Harvest
Other
A.
Fungi tenuis

~L

spp .

%

Other
Fungi

%

0

0

38

0

2

0

87

0

<l

0

90

2

l

0.5

0

39

<1

2

2

80

0

3

0

90

l

2

1.0

l

44

0

0

<l

85

1

<l

4

85

6

2

---------------------------------------------------------------------------------------------------------Forrest

0

<1

50

0

3

0

86

2

0

<l

93

6

2

0.5

<l

34

0

3

<1

76

4

6

<1

88 13

5

1.0

l

34

3

3

6

67

8

5

13

81 10

6

---------------------------------------------------------------------------------------------------------Bragg

co
0

0

0

5

1

5

<l

63

17

3

2

51

14

3

0. 5

l

7

4

6

2

54

13

12

3

50 14

7

1.0

4

8

3

4

9

42

13

7

12

29 24

5
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Table 4.

Effect of rates of benomyl and harvest dates on ger mi nation
of Hi ll, Forrest , and Bragg soybean seed in 1975.

Benomyl
Cu ltivar Treatments
(Lb a. i./A)

Standard Germination
%
----~----------~~----------~--------1st Harvest
2nd Ha rvest
3rd Harvest
91.00 a
92.00 a
90.67

0

Hill

0.5
1.0

79.33 a
85 . 33 a
86.33 a

20.33 a
24 . 33 a
27 .67 a

---------------------------------------------------------------------24. 11 c
83.67 B
91.22 A
Harvest x
82 . 33 a
88 .67 a
88.33 a

0

Forrest

0. 5
1.0

44.33 b
49.00 b
64 . 67 a

10.67 c
18. 00 b
29 . 00 a

---------------------------------------------------------------------Harvest

x

0

Bragg

0.5
1.0

c

86. 44 A

52.67 B

19.22

96.33 a
97.67 a
98.67 a

75.67 b
81. 33 ab
88.33 a

77.67 b
85.67 a
90.00 a

--------------------------------------------------------------------Harvest

x

97.56 A

81.78 B

84.44 B

Within each column any t wo means not accompanied by the same
smal l letter and within each row any two means not accompanied by
the same capital letter differ si gnificantly at the 5% level of
probability as determined by ONMRT .
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Table 5.

Effects of rates of benomyl and harvest dates on yield of
Hill, Forrest, and Bragg soybeans in 1975.

Benomyl
Cultivar Treatments
(Lb a. i. /A)
Hi 11

0

0.5
1.0
Harvest

x

0

Forrest

0.5
1. 0
Harvest

Bragg

x

0

0.5
1.0
Harvest

x

1st Harvest

Seed Yield
(bushel/acre)
2nd Harvest

3rd Harvest

36.95 a
42.18 a
42 . 33 a

36 . 90 a
40.00 a
39.76 a

28.08 b
34.45 a
35.88 a

40.49 a

38.89 a

32.80 B

27.78 b
38.09 a
38 . 70 a

31.03 b
38.38 a
38.45 a

26.26 b
35.08 a
37. 43 a

34.86 AB

35 . 95 A

32.92 B

31.76 b
36.98 a
40.41 a

30.36 b
36.62 a
37 . 76 a

26.31 c
33.24 b
38.56 a

36.38 A

34. 91 A

32.70 B

Within each column any two means not accompanied by the
same small letter and within each row any two means not accompanied
by the same capital letter differ s ignificantly at the 5% level of
probability as determined by ONMRT.
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Pod and Stem Blight, a very serious disease in the south and southeast, produces its symptoms near the end of the growing season. This
fungus produces fruiting bodies, pycnidia, which are arranged in very
neat rows and can be distinguished from anthracnose in this respect.
This disease quickly invades the pods and seeds and can cause severe
deterioration under ideal conditions. Sinclair's work shows clearly the
mycelium of this fungus growing throughout the cellular structure of the
seed coat .
The bacterial disease, Bacillus subtili s , has been identified by
literally thousands of bacterial cells within the seedcoat. It is
difficult to study because its symptoms are not very conspicuous.
In support of this work by Jim Sinclair and other pathologists, it
i s clearly evident that seed quality is linked to plant diseases, and
any studies for the improvement of seed quality needs to take the pathologi aspects into consideration.
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APPLICATION AND SELECTION OF SEED TREATMENT MATERIALS
John t1acFarlane, Jr. lf
Interest in and emphasis on the equipment and chemicals used for
seed treatment varies seemingly in direct proportion to the outbreaks of
disease in many crops. On the other hand, essential ly all seed of
hybrid corn , rice and vegetable crops are treated every year. Because
of the EPA intridiction of the seed treatment market, today it is more
importa nt than ever that every seed processor apply the precise quantity
of an EPA approved chemical fungicide and/or insecticide uniformly
throughout the seed lot.
The objectives of this discussion are to discuss, in review form,
the following: (a) the basic types of seed treaters; (b) the basic components of seed treaters; (c) seed treater calibration; and (d) summarize
the fungicides and insecticides currently approved for application to
seed by the E.P.A.
I.

Seed Treaters

The four basic types of seed treaters currently available are; the
true mist-o-matic, the true slurry type, the metered slurry type and the
dry or dust type.
TRUE MIST-0-MATIC TYPE
The true Mi s t-0-r~a tic type seed treater uses the weight of seed to
operate the seed dump and chemical meas uring system of the treater. The
amount of seed is measured by placement of a wei ght on the weigh pan arm
while the amount of chemical applied to each batch of seed is determined
by the size of the chemical cup (dipper cups) in the metering tank.
Each time the weighpan trips, seed flows to the retarding hopper,
where it is gradua ll y released to a dispersion cone . At the same time,
chemical is del ivered to the chemical cup receptacle and f l ows through a
hose to a revolving disc which atomizes the chemical into a penetrating
mist. As seed falls over a dispersion cone and through the treating
chamber, it is enveloped by chemical mist that contacts even the hard to
reach indentations of the seed .
The Mist-0-Matic treater is especially recommended when small
amounts of chemical must be applied to relatively large quantities of
seed .

lf Director , Product Development &Technical Services , Gustafson , Inc,
Dallas , TX.
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TRUE SLURRY TYPE
The true slurry type seed treater actually has the chemical metering tank and the premix or slurry tank combined as part of the treater.
This tank must be filled at various intervals either by pouring by hand
or pumnpi ng from an auxiliary tank. Chemica 1 measurement is accomplished by a chain of cups and seed measurement is by a one pan counterweight system. Each time a batch of seed is dumped, the chemical in one
cup on the chain is dumped onto the seed. Blending of the chemical and
seed together is accomplished in a film-coater unit.
METERED SLURRY TYPE
like the Mist-0-f~atic type treater, the metered slurry type treater
uses the weight of seed to operate the seed and chemical measu ring
system. The amount of seed measured is controlled by placement of the
counterweight while the amount of chemical measured at each trip of the
weighpc.n is determined by the size of chemical cups used in the metering
tank.
Each time the weighpan trips, seed flows through the measuring unit
and into the coating chamber. At the same time, chemical is delivered
to the chemical cup receptacle and flows through a tube to the coating
chamber.
As the seed and chemical are conveyed through the coating chamber
to the discharge, they tumble together, spreading an even coat of chemical on each seed . This mixing action, before final discharge, also
allows some of the moisture in the chemical to evaporate from the seed
which facilitates handling after treating.
DRY OR DUST TYPE
The dry or dust type treater is a specially designed treater for
treating peanuts , beans, peas, and grass seed, and other commodities
where a dry chemical must be applied or where the seed to be treated are
very fragile in nature . With the dry type seed treater , measured amounts
of powdered chemical are uniformly and continously applied to seed by
the use of a vibrating feeder from a Syntron Control. Like the t1ist-OMatic and metered slurry type treaters, seed measurement is controlled
by placement of a counterweight and the use of a double weighpan system.
As with the slurry type treaters the blending of the chemical and seed
together is accomplished in a film coater or coating chamber which
normally contains a tampico brush or nylon brush for gentle movement of
seed to the end of the coater.
II.

Basic Components of All Seed Treaters

Every mechanical seed treater is the composite of four majo r compo-
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nent parts . These components are: a feed control mechanism: a chemical
reservoir and delivery system; a measuring or metering system, and a
blending or mixing system.
Feed Control Mechanism
Regardless of the manufacturer, all seed treaters are equiped with
a manua l ly controlled feeding mechanism. One of the more important factors
in effective, accuarate seed treatment is a continous and uniform flow
of seed into the treater. The surging of seed into any treater, such
as direct discharge from a cup-elevator, results in some seeds being
over-treated and others under-treated since alternate dumps of the seed
weighpan will differ in weight . A properly installed seed treater is
placed under a holding or surge bin with the rate of feed control led by
the treater•s feeding mechanism .
Chemical Reservoir and Delivery System
~lost treaters have a small (few gallon capacity) chemical reservoir
tank built-in, however, this permits only a few hours operation before
refilling is required. Refil l ing is a time consuming and sometimes a
difficult job when the treater is elevated or barely accessable . Many
seedsmen have determined it to be much more economic and time saving to
buy or build a large capacity holding receptacle for the chemical. This
can vary from merely using the drum in which the chemical is shipped with
a small centrifugal or diaphragm (piston) pump to an elaborate two
hundred (200) gallon stainless steel premix or slurry tank with internal
padd l e agitation and a built-in high volume pump.

Measuring or Metering System
This is the system that accurately measures and delivers an exact
amount of chemical to specific quantity (weight) of seed. All major
types of seed treaters use the weight of seed to actuate both the seed
dump and the chemical delivery system. The Mist-0-Matic type, metered
slurry type, and dry type treaters utilize a double weighpan seed dump
system, the true slurry treater uses a one-pan seed dump system . The
true slurry treater employs 11 Slurry 11 cups on a revolving chain or belt
that dip into the chemical holding tank on the treater and dumps chemica l
on seed in unison with each seed dump . The Mist-0-Matic and metered
slurry types of treaters employ two (2) chemical cups inside the metering
tank of the treater that alternately dump chemical onto the seed in
unison with each seed dump of the weighpan. The dry type seed treater
employs a vibrating feeder system control l ed by a Sytron Control which
is activated by each dump of the weighpan, thus continually vibrating
dry chemical onto measured amounts of seed.
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Blending or Mixing System
The final step in seed treatment i s to distribute the chemical
applied uniformly over the surface of each seed. The importance of
obtaining a uniform distribution of the chemical over every seed can
not be overemphasized. The removal of the "vaporizing " mercurals and
increasing stringency of EPA regulations greatly increases the importance of uniform distribution.
On the true Mist-0-Matic treater , this system is the mist chamber.
The true slurry treater, metered slurry and dry dust treater may employ
various kinds of blendi ng systems; a film coater or coating chamber with
brush blending el ement; flighting , paddle or auger bl ending element,
or a revo l ving cylindrica l or hexagonal drum .
III . SEED TREATMENT CALIBRATION
1.

2.

Basic Facts To Know Before Calibrating a Seed Treater.
(a)

All seed treatment materials are quoted in either dry or
fluid ounces per 100 pounds or per bushel . Remember,
there is a difference between dry and fluid ounces!
16 dry ounces = 1 lb.
128 fluid ounces = 1 gal .
1 fluid ounce = 30 cc's. Example: At a rate of 3 fluid
ounces per cwt , you are actually applying 90 cc's per cwt.

(b)

When slurries are made by mixing wetable powder chemicals
with water, the treater then applies the slurry in fluid
ounces of the slurry mix.

(c)

Chemical cup sizes are measured in cc's. Example: Setting
the dump weight to apply 3 fluid ounces (90 cc's) per cwt .
15 cc
16 pound dump
10 cc
11 pound dump
7. 5 cc
8 pound dump
5 cc
5. 5 pound dump
2. 5 cc
3 pound dump

Accurate Calibration of a Seed Treater.
(a)

With no chemical in the metering tank, run 100 pounds of
seed through the treater and count the number of times the
weighpan dumps . Divide 100 pounds by the number of times
the weight trips. This gives you the number of pounds of seed
per dump of the weighpan. Record the numerical setting of the
weight on the weighpan arm for future use.
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(b)

Determine how much liquid the treater metering cups
or buckets will dump onto the seed each time the weighpan
arm trips by manually tripping (without seed) the weighpan arm a specific number of times catching the chemica l that
is dumped in a measuring cup.
Divide the amount of chemical caught by the number of times
you tripped the weighpan. This gives the amount of chemical
delivered per dump of the weighpan. Record for future use.
After completing operations (a) and (b), you know exactly how
the treater is presently set.
Remember there are two ways to vary the dosage of chemical
to seed , either change the setting of the weight on the weighpan
arm . . . raise wei ght to increase amount of seed dumped or
lower it to decrease OR replace the chemical measuring cups
with another cup size-ro deliver more or less chemical per
dump as necessary . For additional information on calibration,
use the ca l ibration instruction manual furnished with each
machine by the manufacturer.

(c)

Using a slurry prepared by mixing a wettable powder with water
requires special consideration. Most wettabl e powders are
applied at the rate of one to five dry ounces per 100 pounds
of seed. Normally, a chemical to water mixing rate is not
quoted on the label, so you will have to experiment to suit
yourself.
Example:
A chemical is to be applied at the rate of two dry
ounces per 100 pounds of seed . The seedsman has
fou nd that mixing five pounds of chemical (80 dry
ounces) with one gallon of water , gives him the
slurry consistency that he desires.
Then, it must be kept in mind that the total volume
of slurry (in this case, approximate 1.2 gallons) is
enough to treat 40 cwts (4,000 lbs.) of seed .
So .
128 fl. oz/gal x 1. 2 gal of slurry=
153.6 fl. oz. of slurry
And . . . 153.6 fl. ozs. = 3.84 fl. oz/per cwt. seed
40 cwt seed
After making this determination i.e . the number of fl. oz. of
slurry to apply to each cwt . of seed , then fo llow the instructions given in steps (a) and (b) above.
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IV. CHEMICAL SEED TREATMENT FUNGICIDES AND INSECTICIDES
Before listing the more important seed treatment fungicides and
insect ici des, I emphasize the importance of (a) reading the enti re label
before using any chemical and (b) following the i nstructions exactly.
All of the fol l owing chemicals are prepared for kil l i~g disease organisms or insects , however, they can also kill you!
1.

Inorganics
a.
b.

c.

2.

Meta l ic Organics
a.

b.

3.

METHYLARSENIC SULFIDE (RHIZOCTOLR) controls certain seed rots, water mo l d~ , blights, and
damping off of cotton, rice, vegetables . Not sold or
registered in U.S.
PHENYL MERCURIC ACETATE (PMA MIST-0-MATICR) contro l s certain seed rots and seed borne bl ights of wheat,
barl ey, oats , sorghums , cotton, flax, etc.

Antibiotics
a.
b.

4.

BASIC COPPER SULFATE (TRIBASIC) controls certain seed rots of wheat and vegetables .
2.
COPPER OXIDE (KOCIDE) control s blights and certain seed rots of peas.
COPPER CARBONATE {BASIC) controls surface smuts, bunt, and certain seed rots of grain
sorghum and wheat.

STREPTOMYCIN (AGRI-STREPR) control s certain bacteria l decay problems (potato seed
piece decay) of potato seRd pieces.
CYCLOHEXIMIDE (ACTI-DIONE ) contro l s certain seed borne diseases of vegetables, especially onions. Not sold or registered in U.S. for seed
treatment purposes.

Caramates
a.

b.

MANEB (MANZATER, GRANOXR, AGROSOLR) controls certain seed rots and blights of pea nu ts , soybeans,
and corn . Controls certain seed born diseases such as
bunt, surface borne smuts, and rots of small grains.
ZINE£3 contra 1s certain seed borne diseases of sma 11 grains certa in
rots of potato seed pieces.

R = Registered trade mark or name - no endor sement impl ied.
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c.
d.
e.

5.

Chlorinated Hydrocarbons
a.

b.

c.

d.
e.

6.

11ANEB & ZINC COMBINATION (DITHANER) controls certain seed borne diseases of small grains and
rice.
NABAM controls certain seed borne diseases of cotton, onions,
and potato seed ~ieces.
BENOMYL (BENLATE ) controls certain seed borne blights, rots , and smuts as
well as internally borne smuts of small grains. Not sold
or registered in U.S. for seed treatment purposes-. --

PCNB (TERRACHLORR) controls certain surface borne seed and seedling diseases
of cotton, small grains, vegetables, and rice .
HEXACLOBENZENE (HCB) controls surface borne smuts and blights of small grains
and seed borne diseases of cotton , peanuts, soybeans and
vegetables.
CAPTAN (ORTHOCIDER, CAPTANR) controls a broad spectrum of seed borne and seedl ing diseases
of many cRops .
OIFOLATAN (CAPTAFOL) control~ seed borne and seedling diseases of cotton and rice.
DEMOSAN (GHLORONEB) controls seed borne and seedling diseases and damping off
of cotton and certain beans. Sys temic in action.

Miscellaneous Orga nics
a.

b.

c.
d.
e.

f.

VITAVAXR {CARBOXIN) controls seed borne and internally borne smuts , bunts, blights ,
and seedling diseases including damping off of small grains.
Controls seed borne and seedling diseases of cotton, rice and
peanuts. SystRmic in action .
THIRAM (ARASAN ) controls seed borne diseases of many crops.
DEXON controls certain seed rots and seed borne diseases of cotton,
sorghum and vegetables .
BOTRAH controls certain seed borne diseases and seed rots and

~~1A~~~ogior~~n(i~z:

MERTECTR) controls seed borne and seedling diseases of smal l grai ns
and cotton. Not sold or registered in U.S . for seed treatment ~urposes--.--Systemic in action .
BUSAN (TCMTB) controls seed rots, seedling diseases, damping off, and
surface borne smut of small grains, cotton and corn.
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The insecticides normally applied to seed are grouped into three
groups based upon their chemical composition. These three groups are:
chlorinated hydrocarbons, organic phosphates and carbamates.
1.

Chlorinated Hydrocarbons
a.
b.
c.

2.

Organic Phosphates
a.

b.

c.
d.

e.
f.

3.

ALDRIN, DIELDRIN, ENDRIN, CHLORDANE all registrations for seed treatment recently cancelled
by EPA.
HEPTACHLOR, BHC, LINDANE wireworms, seed corn beetle, seed corn maggot.
METHOXYCHLOR storage insects only , no soil insect activity.

AZODRIN registered for treatment of cottonseed only under tradename
Go-Better. Systemic and provides control of early season
insects attacking young cotton seedl i ngs such as thrips,
fleahdppers , etc.
DI-SYSTON same as Azordin.
THIMET same as Azordin.
DIAZINON used on peas, beans, soybeans, corn to control seed and
seedling attack of seed corn maggots and seed corn beetles.
No claim for wireworm or fa l se wireworm made.
LORSBAN recently registered for treatment of seed corn.
t~ALATHION registered to treat many types of seed - for control of
storage insects such as weevils , ants, etc. No soil insect
control .

Carbamates

No carbamate insecticides are currently registered for seed treatment use in the U.S. , but there are two important ones currently being
tested that show much promise.
a.

b.

DACAMOX a product of Diamond-Shamrock Corp. being investigated as
a systemic cottonseed treatment to control early insects
such as thrips, fleahoppers, mites on young cotton seed
lings.
I~EASUROL a product of Chemagro Chemical being investigated as a
treatment for rice seed for control of rice water weevil
and as a bird repellent. This product is not systemic and
seems to have a very long residual.
---
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EFFICIENT WAREHOUSING AND MATERIALS
HANDLING FOR SEEDSMEN l/
A. H. Boyd -2/
We seedsmen generally have not given sufficient attention to the
warehousing phase of our operations. This is true because most seedsmen
have grown into the seed business from a very small operation where most
records could be maintained by memory. Today, the situation has changed
drastically. Seed warehousing is a subject we must study more closely.
My comments are directed primarily toward the seedsman handling a small
to medium volume who has 11 growing pains 11 with warehousing.
There are some special problems associated with seed warehousing
that often are not of as much concern to warehousmen handling products
other than seed.
For example:
(1)

slow turnover of inventory;

(2) Special environmental requirements for seed, such as
dehumidification and refrigeration;
(3) many lots, varieties, and classes of seed;
(4)

limited and varible storage life of seed lots. (The
warehouseman's precept of first-in, first-out may not
apply after seed quality is evaluated);

(5)

special stacking and arrangements of lots for sampling
by seed control and/or certification officials.

To increase our expertise in warehousing, l et's consider the ideas
of people outside the traditional disciplines of seed technology.
Industrial engineers and the Materials Handling Institute are sources of
good information. Many of the ideas for this discussion are taken from
the publications listed at the end of this article.
Warehousing is not onl y a storage problem but also a materials
handling system. Receiving, bulk storage , processing and warehousing
are parts of the system. Warehousing is often divided into three bas ic
steps ; stocking, order pick i ng and shipping. All of these phases of

ll Discussion originally presented during the 1976 SSA Annual
convention .
~ Associate Agronomist, Seed Technology Laboratory, MAFES.
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materials handling are important to an efficient product flow through
the plant and are funamental to efficient materials handling. The
obvious steps for upgrading a handling system are from MANUAL to MECHANIZED to AUTOMATED. Two important aspects of upgrading the handling
system are:
(1)

each step up is an exchange of capital investment for labor
expense and,

(2) with each step up the operation becomes les s flexible.
The capacity for the bulk and bag components of storage will vary
tremendously depending on the type business operation - wholesale,
retail , bul k, bagged, etc. When planning to upgrade or construct new
facilities for bulk and bag storage, go to your records for processing/receiving/ shipping to determine how much of each type of storage
is necessary.
Figure 1 shows a simplified way of determining how and what type
storage will be required. In this example, the maxiumum difference
between the cumulative bulk receipts and cumulative processing is the
total amount of bulk storage that will be required. The maximum difference between the cumul ative processing and/or bag receiving and
cumulative shipments gives the total amount of bag storage space required.
One large corn processing company has partially solved the problem
of periodic use of bag storage by placing portable bins inside a large
air conditioned warehouse . These portable or "knock-down" type bulk
storage bins hold the shelled corn seed before processing . After emptying a given bin, it is dismantled and stacked in another warehouse.
The bagged seed is then stored in the vacated area . Each problem must
be solved on its own merits because plant layout and materials handling
are so closel y related.
Maximum utilization of floor space is always desirable. One
problem in utilization is called "honeycombing" or lost storage space in
front of partial stacks caused by shipment of partial lots or storage of
different size lots within the same area (Figure 2). This problem
exists in all warehouses to some degree and only careful and constant
attention can minimize it.
Stacking lots in the warehouse to permit inspection by seed control
or seed certification inspectors i s necessary . Figure 3 shows an example of seed lots stacked in pairs with approximately two feet of space
between pairs to allow a walkway on at least two sides of the stacks.
This utilizes a smal l amount of warehouse space but eliminates the need
for movement after the inspection . Figure 4 is one alternative in whi ch
two lots are stacked side by side with space left for a third lot, which
is stacked temporarily in the aisle. After sampling, the third lot is
restacked into the space to obtain maximum floor utilization. This
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makes the most efficient use of floor space at the expense of a small
amount of extra handling . The principal fault of this system is the
necessity of restacking when resampling is necessary.
Floor space utilization may be enhanced by stacking pallets at an
angle instead of at right angles. This permits better space utilization
through using more narrow aisles. Figure 5 is an example of this arrangement and Figure 6 shows the comparative advantage of an angular
layout over on-the-square placement. The 35 0 angle placement appears to
be the most efficient resulting in 0 an approximately 14% increase in
space utilization. An angle of 10 actually results in a loss rather
than a gain in space utilization.
Utilization and layout of aisles is very important .
lines that have been presented for warehouse layout are:

Some guide-

(1)

keep the aisles straight;

(2)

use both sides of working aisles;

(3)

the length and width of aisles should be determined to
avoid wasting storage space;

(4)

use one-way traffic when practical;

(5)

avoid dead ends in the aisles;

Width of aisles will depend upon the system utilized . With two-way
traffic and right angle stacking , a 12-foot aisle width is about minimum
for most seed warehouses. With one way traffic and angl e stacking,
aisles may be reduced to as little as 8-feet.Handl ing equipment and
pallet size are also factors affecting efficient utilization of warehouse space.
Arrangement of stocks within the warehouse is affected by:
(1)

product popularity;

(2)

life of the item stored;

(3)

the cube per order.

Figure 7 is an example of layout by product popularity where the
fast moving lots of seed are placed closest to the dock work space,
medium movers next and the slow movers furtherest away. Figure 8 is a
modifi cation of the same situation where l ots are grouped by kind as,
for instance, all corn lots are grouped together with varieties that
move fastest stacked closer to loading dock. Another variation of this
system could be the location of pick racks near the shipping and receiving dock. Order make-up personnel can make up complicated orders in
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the same ma nner that a housewife picks her order from the shelves of a
grocery store. Restocking the pick racks is from bay storage as
needed.
Basical ly, improvement of warehouse efficiency involves three
possibi lities:
(1)

change the arrangement of the destination or l ocations in
t he warehouse;

(2) change the sequence of operations;
(3)

change the product mix .

Arrangement for effic i ent stakcing i s important but i t is doubly
important for locating and retrieving lots effici entl y. Many seedsmen
have not yet taken the basic step of assigning warehouse area designations or painting traffic lines on the floor. A detailed floor diagram of the warehouse showing the location of each stack is as essenti al
to inventory control as are traffic markers on the floor. A system of
designating areas by letters and specifi c stacks by numbers is an excel lent way of l ocating l ots quickly. An example of such a l ocation
system i s a typical athletic stadium, i.e., Section B, Row 12, Seat 21.
Even dru nks usual ly find their designated spot in 50,000 sea t stadi um.
Figure 9 shows an exampl e of a floor plan that was developed t o aid
in lot location and inventory control. It is mounted on the wall of the
wa rehouse office, convenient to the manager and the warehouse foreman.
With inventory cards attached to the board, the lot, number of bags,
shipping record, and balance-on-hand for each locat ion i s avai lable at a
glance.
All phases of warehousing discussed are pointed toward one objective; order make-up or orde r picking. Many warehousemen consider
this the most important f unction of the storage activity. Thi s function
must move smoothly and rapidly if we are to attain the ultimate objective , efficient delivery of high quality seed at a reasonable pri ce
to the proper destinatio n on time and at a profit .
Many of the functions of warehousing are completely integrated in
most smal l management schemes. However, it is important that we consider stocking , order make-up, and shipping as separate entities, at
least in our minds, when analzying warehousing problems. At some point,
as volume grows, these three functions will be separa ted into actual
designation of responsbilities. The exact point when this will be
required will be determined by the size of the shipping, receiving, and
warehousing operation ; the degree of complexity of such operati ons , and
the speed with which it i s necessary to ship seed during t he busy
season.
Increasingly, seedsmen are required to respond more rapidly to
retailers with smaller orders. It is not uncommon for a retailer to
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order seed from the wholesaler only after he has received a request from
the farmer. The seedsman who can respond quickly to such orders with
high quality seed is the one who is going to continue to receive this
business.
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CONDITIONED SEED STORAGE - ECONOMIC CONSIDERATIONS
Warren C. Couvillion l/
A few years ago I made some rough calculations and it appeared that
all seedsmen should have conditioned storage. At that time I had visited more than 25 seed processing plants but had not found a single airconditioned warehouse. That led to the question, "Why don't seed
companies use air-conditioned storage?" After discussions with several
of my colleagues, I still was not able to develop a set of "clear cut"
reasons as to why more seedsmen hadn't constructed air-conditioned
warehouses.
Some of the reasons I developed were:
1.

Maybe seedsmen hadn't looked into conditioned seed storage.

2.

Seedsmen make enough money on seed not to worry about minimal
added income.

3.

Wholesalers do not want to take a chance on quality deterioration (especial l y soybeans and wheat).

4.

Processors may be able to get higher returns on alternative
uses of capital.

5.

All of above.

Now I am convinced that everyone does not need conditioned storage .
However, I am also firmly convinced there are situations where conditioned storage shoul d be incl uded as part of existing seed businesses.
Let ' s consider some types of firms that could benefit from conditioned
storage. The fo l lowing list is not exhaustive nor complete:
1.

Large volume firms.

2.

Firms currently short of storage space.

3.

Firms dealing with several types of seed; corn, rice, cotton,
vegetable, clovers and grasses, vegetables, wheat, and soybeans.

4.

Firms that often have carryover seed .

5.

Firms that depend on outside sources for seed.

11

Associate Economist , Seed Technology Laboratory, MAFES
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6.

Firms that deal with foundation and/or registered seed.

7.

Firms that treat seed as they are processed.

Let us briefly examine each of the above listed f irms.
Large volume firms - there appear to be considerable economies to
size with conditioned storage facilities, and carryover seed is hopefully a small percentage of the volume of a firm's business.
Short of storage space - if a firm is currently short of storage
space the added cost of attaining the conditioning capability may be
important in calculating the feasibility of adding conditioned storage
space rather than just storage space.
Often carryover deals with several types of seed - some seed are
treated, others are not. Treated seed may be seed, or trash, if they
deteriorate. With treated seed, conditioned storage is much more practica l and if one has the conditioned storage capability at times nontreated seed may be stored profitably. Handling several kinds of seed
increases the likelihood of carryover seed . We will discuss this in
more detail later.
Carryover seed - the justification for conditioned storage facil i ties is based on the normal carryover seed . Some seed can be sold
as grain and others can't . Regardless, the re l ative prices are such
that seed is more valuable than grain and one would also have to undergo
the expense of processing the amount equalivant to the seed that could
be carried over. Replacement costs of seed is the key to the economic
feasibility of conditioned storage. The "grain option 11 is not an alternative for seed that has been treated.
Outside sources - if a processor or dealer depends on other sources
for seed rather than strictly his own or contract production; having the
conditioned storage capability for hi s carryover seed may be more
important since transportation charges and profit are added to the replacement costs of such seed when compared with the cost of seed one
produces himself . Future orders for seed from outside sources could be
reduced by the amounts of carryover when planning for next season's
supply.
Foundation and Registered Seed - this is self explanatory since we
know that these seed are the most valuable that enter trade channels .
Treated Soybeans - I have recently heard of some farmers wanting
soybean seed treated with Captan; however, I have never interviewed a
seedsmen who regularly treats soybeans. If soybean treatment becomes
widespread in the future, hav ing the capability to store seed under
proper conditions would become a necessity in many operations.
We have discussed who may have economic justification for con ditioned storage facilities. Let's now see how having this capabi l ity
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may help a firm in its operation .
Advantages of conditioned storage:
1.

Maintain quality of carryover seed.

2.

Flexibility in processing and total operations.

3.

Increased yields from valuable seed stocks.

4.

Saves cost of breaking bags and reprocessing of "two-way "
seed.

5.

Avoid loss of treated seed .

Lets briefly consider the point of added flexibility gained by
havir.g conditioned storage. With conditioned storage one could be more
li~eral in cal culations of expected sales and accumulation of seed
supplies. It seems that a cummon practice is to clean seed for a portion of the expected seed sales and then clean additional quantities
only as prospects for more sales are found. In roost cases seed companies are engaged in activities other than seed processing. For exampl P.; chemica l sales, fertilizer sales, etc. The same personnel are
used in all facets of these operations and conflicts for labor use may
arise . In addition, conditioned storage would allow one to take advantage of superior qua li ty seed or "good buys" when availabl e, especia l ly in some "hot" varieties .
The savings from reprocessing are sel f explanatory. Without proper
storage, seed may become trash if it is treated or cannot enter alternative trade channels.
Now let's consider the economics, dollars and cents, of conditioned
stora ge. The cost data presented are not as detailed as that req uired
when determining the feasibility of adding conditioned storage. They
should, however, be close enough for you to determine whether you should
pursue the matter in your operation. Figures given are general esti mates of current costs supplied by local contractors . In addition, i t
is assumed that the price relationships between grain and seed are
fairly close.
Buildings - Costs were calcul ated on a 50' x 100' x 16' building.
The building would be of metal construction with a four-inch concrete
f loor. All walls and the roof would have 2~ inches of blown urethane
insulation . The building would have refrigerator doors. Lighting would
be with flouresent lights.
Cost estimates for such a building are shown in Table 1. Costs of
land and site preparation were not incl uded in the cal culations. It was
assumed that the individual had sufficient land. If this i s not the
case , land costs would have to be added to those presented.
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Table 1.

Estimated construct ion costs for a so• x 100 • x 16 1 building
used for conditioned seed storage.
Estimated Costs
Do 11a rs

Metal Building

@

4. 00/Sq . Ft.

3, 500

Erection
Slab

@

1.30/Sq. Ft.

El ectrica l
Doors

6,500
1, 500

ll

Insulation

20 ,000

2,000
(2~

inches bl own ur ethane)

Sub- Tota 1
Taxes
Tota 1 Costs

3, 500
37 ,000
1,850
38,850

ll Doors are refriger ator doors large eno ugh fo r a forklift to
drive through.
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The building capacities assumed for calculating costs of the various types of seed are shown in Table 2. Calculations were made assuming 100% of capacity.
Equipment- The only equipment considered was for cooling and dehumidification . Forklifts, pallets, etc. were not included since the
equipment, other than for air-conditioning, would already be on hand .
It was assumed that the building would be kept at a temperature of 60F
and a relative humidity of 50%. The outside temperature used for calculations of equipment needs was 95F. These estimates were provided by
local contractors. As with building cost, much more detail should be
used when estimates are made for your particular operation, even if the
volume of air to be conditioned is the same.
It was estimated the cooling and dehumidification units should have
a capacity of 120,500 BTU per hour. Four air units inside and two units
outside were sel ected . Total costs including instal l ation were estimated at $14,016. It was estimated that these units would consume an
average of 226 KWH per day for 180 days of the year .
Initial Investment - Initial investment in the building and equipment for cooling and dehumidification was estimated at $52,866. There
wo~ld be added investment and economies if one wanted to store seed in
bu1k in this facility.
Annual Costs - Estimated annual costs for the operation varies with
the type of seed. Total fixed costs were estimated to be $5,894 (Table
3).
Variable costs considered were electricity and interest ~ on
seed based on the values of seed and electrical rates in effect for
April, 1977 . No interest charges were calculated for corn or rice since
they are normally treated and do not have the al ternative of entering
the grain market. It was assumed that consumption of electricity was
the same for each kind of seed. This total amount was estimated to be
$2,400 annually. Your are aware that electrical rates vary widely f rom
area to area.
Total costs, on a per unit basis, were estimated and are shown in
Table 4. These cost estimates do not include funds for loan repayment
or labor. It was assumed that the labor requirements for handling the
seed would be necessary whether seed were sold as grain , disposed of as
trash, or placed in conditioned storage .
Differences in va l ue of seed as seed or as grain were estimated .
The calculati ons for deriving the differences fo r soybeans are shown in
Table 5. Estimates for the other kinds of seed considered were derived
from conversations with professionals and industry personnel. These
estimates are shown in Table 6. Total price was used as the value
difference for treated seed corn and rice since they have no salvage
value as grain.

~ Based on 9% interest for 6 months.
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Estimated capacities for a so•
for seed storage .

Table 2.

X

100'

X

16' building used

Seed

Unit

Capacity
(Units)

Soybeans

Bu.

22 ,000

Wheat

Bu.

22 ,000

Cottonseed (Machine)

Cwt.

7, 333

Cottonseed (Acid )

Cwt.

11,000

Corn

50 l b.

22 ,000

Rice

Bu.

22,000

Estimated fi xed costs for so·
storage facility , 1977.

Table 3.

X

100'

X

16' conditioned
Dollars

Depreciation - Stra igh t Line - No Sa lvage

Taxes

Buildi ng

30 Years

1,295

Equipment

20 Years

701

.Y

572

Insurance 21
Maintenance

418
1% Initial Investment

Interest on Investment

9%

Total
Taxes were based on average for Mississippi.
Insurance $7 . 90/$1000 of initial investment.

529
2,379
$5 , 894

141

Table 4.

Estimated total costs per unit for conditioned storage at
100% capacity for selected kinds of seed, Mississippi l!

Kind

Unit

Fixed

Variable

Total

Do 11 a rs
Soybeans

Bu.

. 27

.38

.65

Rice

Bu .

. 27

. 11

. 38

Wheat

Bu.

.27

. 25

.52

Corn

50 Lb.

. 27

.11

.38

Cottonseed (Machine)

Cwt .

.80

.60

1. 40

Cottonseed (Acid)

Cwt.

.54

.49

1.03

l! No provi sion for 1oan repayment nor 1abor costs were included.

Table 5.

Estimated differences between soybean as seed and as grain
and rep l acement costs (Mississippi).
Grain

Replacement
Seed Cost 1/

Difference

Do 11 a rs
Ju ly 72

3. 30

5.05

1. 75

July 73

6.80

6.42

-.38

Ju ly 74

6.26

8.14

1.88

July 75

5. 33

5.09

-.24

July 76

6.70

7.69

.99

Total
Average

4.00
72-76

.80

lf Includes estimate of bag plus processing and a 35¢ per
bushel premium for seed. Price is last quoted price for Central Delta
of Mississippi for last week in December .
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Table 6.

Estimated differences between value of "seed" sold as
grain and replacement cost s of new seed (Mississippi, 1977).

Kind

Unit

Dol l ars

Soybeans

Bu.

.80

Cottonseed

Cwt.

15.00

Wheat

Bu.

2. 00

Rice

Bu.

Price Y

Corn

50 lb.

Price ?J

Y

bushel .

Rice price used for remaining calculations was $7.65 per

?J Corn price was based on $30 per 50 pound bag.
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Payback Period - A simple payback period based on the value differences of seed and its replacement costs were used to estimate the
economic feasibility of condi tioned storage for several kinds of seed.
Estimates were based on both 100% and 50% utilization of the facility
(Table 7). The payback period for 50% utilization is slightly overestimated since interest on carryover seed would be less than 100%. In
addition, most dealers wou l d probably have a mixture of seed kinds
rather than one kind. One could also include the possibility of custom
storage for other dealers, if the storage capacity is not fully utilized .
As can be seen investment in a conditioned storage facility could
prove to be lucrative under certain conditions and for certain seed
kinds. If you need more warehouse sto rage, a careful analysis should be
made of the added investment required to condition a faci l ity to permit
carrying over seed. The analysis shown in this paper is not as thorough
as one would want to make in his own situation , however, I believe that
the short payback periods for some seed kinds , even with 50% utilization, makes conditioned storage a viable alternative for many seed
companies.

Table 7.

Estimated payback periods for 50 ' x 100' x 16' conditioned storage facilities by seed kind with
100% and 50% utilization of facilities .

Unit

Annual Cost
Per Unit

Value
Difference
Per/Bu.

----------- Dollars

Return
Per/Bu.
---- -------~

Payback
Total
Return
Period
100% Utilization

Total
Payback
Return
Period
50 ~~ Uti 1i zation

Dollars

Do 11 ars

Years

Years

Soybeans

Bu.

. 65

.80

.15

3,300

16

1'650

32

Rice

Bu.

.38

7.65

7.27

159,940

1

79,970

1

Wheat

Bu.

. 52

2.00

1.48

32,560

1.6

16 ,280

3. 2

Corn

50 1b.

. 38

30.00

29 .62

651,640

1

325,820

4

Cottonseed (Mech)

Cwt.

1.40

15.00

13.60

99 , 729

1

49 ,864

1

Cottonseed (Acid)

Cwt.

1.03

15 . 00

13.97

153,670

1

76 ,835

1

q
q
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REGISTRATION LIST
1977 SEEDSMEN'S SHORT COURSE
April 18-20, 1977
ALABAMA
Harold Spencer
Spencer Seed & Grain, Inc.
P. 0. Box 71
Athens, GA 35611
Jim Bostick
AL Crop Imp. Assn., Inc.
South Donahue Drive
Auburn University
Auburn, AL 36830
Bob Burdett
AL Crop Imp. Assn . , Inc.
South Donahue Drive
Auburn University
Auburn, AL 36830
Floyd D. Culberson
International Forest Seed Co .
P. 0. Box 76008
Birmingham, AL 35223
Paul Parsons
International Forest Seed Co .
P. 0. 'B'ox 76008
Birming ham , AL 35223
Bruce Williams
International Forest Seed Co.
3624 6th Ave. So.
Birmingham, AL 35222
Arlan Shelly
Dixal Farms
Rt. 3, Box 177
Brewton, AL 36426
Mr. & Mrs . John Nesbett
Lambert Seed Co .
P. 0. Box 128
Camden, AL 36726
Wayne Lemons
Ellis Brothers
Route 1, Box 62
Centre, AL 35960

Billy Matthews
Ellis Brothers
Route 1, Box 62
Centre, AL 35960
Douglas E. Creel
Dothan Seed &Supply Co., 1nc .
P. 0. Box 1668
Dothan, AL 36301
Mr. &Mrs. Bill Buntley
Lily Flagg Gin Co.
8511 Whitesburg Dr . , S.
Huntsville, AL 35802
James Triplett
USDA - Seed Branch
828 - 474 S. Court St .
Montgomery , AL 36104
Gurnia M. Moore
AL State Dept. of AG
P. 0. Box 3336
Montgomery, AL 36109
All en Bragg
Bragg Farms
Route 1, Grimwood Road
Toney, AL 35773
James M. Sims
Sims Seed Co.
Rt. 3, Box 241
Union Spri ngs, AL 36089
ARKANSAS
Mr. &Mrs. David Morgan
Lephiew Gin Co.
Box 307
Dermott, AR 71638
0. R. "Bob" Hyndman
Weyerhaeuser
Hot Springs , AR 71901
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Euel l Hatl ey
Gibbs Seed Co.
Knobel, AR 72435

Daniel Lere
Celestria l Seasonings, Inc.
P. 0. Box 4367
Boulder , CO 80302

George Berger
Dean of Agriculture
AR State University
P. 0. Drawer YY
State University, AR 72467

Geoffrey 0. Burney
Oliver Mfg. Co . , Inc.
P. 0. Box 512
Rocky Ford, CO 81067

Keith Flynn
N.A. Plant Breeders
P. 0. Box 1522
West Memphis , AR 72301

Jim Thomas
Ol iver Mfg. Co .
P. 0. Box 512
Rocky Ford, CO 81067

Mi ck Raffety
Gustafson
47 Morningside Drive
Wynne, AR 72396

DELAW
ARE

CALIFORNIA
F. R. "Cheeni" Armenta
J. G. Boswel l Company
P. 0. Box 457
Corcoran, CA 93212
Ross Hall
J. G. Boswel l Company
P. 0. Box 457
Corcoran, CA 93212
Loyd Phi 11 i ps
Germa i n' s Inc.
P. 0. Box 12447
Fresno , CA 93777
H. G. Schierenberg
Nursery/Seed Service
CA Dept. of Food &AG
1220 N. Street
Sacramento , CA 95814
David Fraysher
Kl een- Seed Delinting Co .
Box 1595
Shaf ter, CA 93263
COLORADO
Sco t t Morris
North Amer . Plant Breeders
P. 0. Box 30
Berthoud, CO 80513

Guy L. Howe
E. I. DePont de Nemours &Co.
900 Wil son Rd .
Wil mi ngton, DE 19819
DISTRICT OF COLUMBIA (D . C. )
Jonathan Farmer
USDA , Seed &Grain Di vi sion
Seed Branch
14th & Inde pendence
Washington, D. C. 20250
Samuel Matechak
USDA , Seed & Grain Di vision
Seed Branch
14th & Independence
Was hington, D. C. 20250
FLORIDA
Mr. &Mrs. H. L. Stansell
Blue Bird Farms
P. 0. Box 158
Palm Harbor, FL 33563
Wayne Bell
International Forest Seed Co.
P. 0. Box 5154
Tal l ahassee, FL 32301
Wayne Britt
International Forest Seed Co .
P. 0. Box 5154
Tal l ahassee, FL 32301
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Terry Lewis
International Forest Seed Co.
P. 0. Box 5154
Tallahassee, FL 32301

Norm Ka 1back en
Funk Seeds International
P. 0. Box 2911
Bl oomington, IL 61701

GEORGIA

Mr . & Mrs. Walter Monti
FS Services, Inc.
1701 Towanda Ave.
Bloomington, IL 61701

Harry J. Haynsworth
USDA - SCS
P. 0. Box 832
Athens, GA 30603
James R. Claxton, Jr.
Pennington Grain &Seed, Inc.
P. 0. Box 290
Madison, GA 30650
Ivey Minghini
Hill Peanut &Grain Co.
Box 38
Sasser GA 31785
Terry Randall
Hill Peanut &Grain Co.
Box 38
Sasser, GA 31785
Daniel G. Powell
Corn States Hybrid Ser. , Inc.
1100 Boulder Crest Or. , N.W.
Watkinsville, GA 30677
ILLINOIS
Mr. &Mrs . John Armstrong
Funk Seeds International
P. 0. Box 2911
Bloomington , IL 61701
Steve Calhoun
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Charles R. Finley
Golden Harvest Seeds, Inc.
513 E. Locust
Bloomington, IL 61701
Frank Fulton
Funk Seeds Int'l.
P. 0. Box 2911
Bloomington , IL 61701

Mr. &Mrs. Harold Spencer
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Wesley C. Wilcox
Funk Seeds International
P. 0. Box 2911
Bloomington, IL 61701
Mr. &Mrs. J . Van Pernis
Black Products Co.
13513 Calumet Ave .
Chicago, IL 60627
Jack Snader
Seedburo Equipment Co.
1022 West Jackson Blvd.
Chicago, IL 60607
James E. Huss
D. W. Tyler Co .
907 W. Fairchild St.
Danville, IL 61832
Bob Park
D. W. Tyler Co.
907 West Fairchild Street
Danville, IL 61832
Mr . &Mrs . Harold Wright
OeKalb AgResearch, Inc.
Sycamore Road
DeKalb, IL 60115
Ken Fearday
J.M . Schultz Seed Co.
Dieterich, IL 62424
Greg Smith
Trisler Seed Farms, Inc.
Fairmount, IL 61841
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Carrol St. John
Trisler Seed Farms, Inc.
Fairmount, IL 61841
James Ploeger
o•s Gold Seed
Farmer City, IL 61842
Bryce Zachari a
o•s Gold Seed Co.
Farmer City, IL 61842
Dennis Pearson
Customaize, Inc.
P. 0. Box 160
Momence, IL 60954
Mr. & t~rs. Ray Humme 1
FS Services, Inc.
604 S. Green Street
Piper City, IL 60959
Mr . &Mrs . Gene Scruggs
Pioneer Hi-Bred International
IL-WI Division
816 N. Main Street
Princeton, IL 61356
H. A. Stults, Jr.
Stults Scientific Eng. Corp.
3313 S. 66 Freeway
Springfield, IL 62703
Mr. &Mrs. John Parker
Bergmann Taylor Seeds, Inc.
St. Jacob, IL 62281
Donald Rosenberry
Pioneer Hi-Bred Int•l.
Drawer F.
St. Joseph, IL 61873
Gary Cook
IL Crop Imp. Assn.
508 South Broadway
Urbana, IL 61801

Darrell Bangel
V. R. Seeds, Inc .
P. 0. Box 34
Flora, IN 46929
Claude K. Butt
IN Crop Imp . Assn., Inc.
3510 US 52 South
Lafayette, IN 47905
Dan Edwards
IN Crop Imp. Assn., Inc.
Lafayette, IN 47905
Al Galbreth
IN Crop Imp. Assn . , Inc.
3510 U.S . 52 South
Lafayette, IN 47905
Scot MacNab
IN Crop Imp. Assn. , Inc.
3510 U.S. 52 South
Lafayette, IN 47905
John Leonard
Agway, Inc.
1316 Western Ave .
Plymouth , IN 46563
Albert Ames
Funk Seeds International
P. 0. Box 2911
Rockvi ll e, IN 47872
Tim Davis
Ag. Alumni Seed Imp. Assn.
P. 0. Box 158
Rommey, IN 47981
Mark Wenning
Ag. Alumni Seed Imp . Assn.
P. 0. Box 158
Romney, IN 47981

INDIANA

Harold Aycock
HSA Consulting
P. 0. Box 3058
West Lafayette, IN 47906

Mr. &Mrs. R. E. Helmuth
Helmuth Corporation
828 East 116th Street
Carmel, IN 46032

L. S. Beckham
Ag. Machinery & Safety, Inc.
P• 0 . BoX 2313
W. Lafayette, IN 47906
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Paul Harbor
Ag. Machinery & Safety, Inc.
P. 0. Box 2313
W. Lafayette, IN 47906

Mr. &Mrs. Gene Koch
Land 0 Lakes
2612 N 14th Street
Ft. Dodge, IA 50501

Mr. &Mrs. Kim R. Polizotto
Agronomy Dept . - Purdue Univ.
Life Science Bui lding
West Lafayette, IN 47907

Mr. & Mrs. Noel Drewry
YW Hybrids
Box 185
Grand Junction, IA 50107

Dave Voris
Voris Seeds, Inc.
P. 0. Box 457
Windfal l, IN 46076

Peter Thurman
Federa 1 Hybrids
Rt. 2,
Marion, IA 52302

IOWA

Sherm Frey
O's Gold Seed Co.
Parkersburg, IA 50665

Jim Beardsley
Funk Seeds International
Bell e Plaine, IA 52208
Charl es Gordon
Funk Seeds International
1106 - ?th Ave.
Bel le Plaine, lA 52208
Greg Fuller
Acco Seed Co.
515 River Avenue North
Be 1mond, IA 50421
R. D. Carlson
Chevron Chemical Co .
P. 0. Box 731
Des Moines , IA 50303
Lyn Nelson
Corn States Hybrid Ser., Inc.
P. 0. Box 2706
Des Moines, IA 50315
Raymond f:. Phi l pott
Corn States Hybrid Ser., Inc.
P. 0. Box 2706
Des Moines, lA 50315
Mr. & Mrs. Danny Schulz
Asgrow Seed Company
4244 Clinton Ave .
Des Moines, IA 50310
Mr. &Mrs . Richard N. Wright
Asgrow Seed Company
P. 0. Box 1059
Des Moines, lA 50053

Duane Hosch
O's Gold Seed Co.
Parkersburg, IA 50665
KANSAS
Mr. &Mrs . Wi l liam G. Bedenbender
Ensminger Seed & Grai n
Route 1,
Moran, KS 66755
Murland L. Taylor
Taylor Products Co., Inc.
5300 Main
Parsons, KS 67357
Robert (Skip) Allen
Stafford Seed Corp .
618 N. Main
Stafford, KS 67578
KENTUCKY
C. W. Dobbs
Dobbs Seed &Grain Co .
P. 0. Box 489
Hardinsburg, KY 40143
B. G. Phillips
Southern States Coop., Inc.
P. 0. Box 276
Henderson, KY 42420
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Mr. &Mrs. Tyrone Snead
Cayce-Yost Seed Co .
P. 0. Box 629
Hopkinsville, KY 42240
Paul F. Baumer
Southern States Coop . , Inc.
Box 13177
Louisville, KY 40213
John Green
Ring Around of KY
P. 0. Box 7
Sebree, KY 42455
LOUISIANA
Billy Barnes
Alexandria Seed Co. , Inc.
P. 0. Box 1830
Alexa ndria, LA 71301
Cecil Phil en
Alexandria Seed Co., Inc.
P. 0. Box 1830
Alexandria, LA 71301
Walter C. Morrison
LSU Extension
Knapp Hall
University Station
Baton Rouge, LA 70803
J . L. Rabb
LSU - Red River Valley Exp. Sta.
P. 0. Box 5477
Bossier City, LA 71111
K. W. Tipton
LSU - Red River Exp. Sta.
P. 0. Box 5477
Bossier City, LA 71111
Regina A11 en
Terral-Norris Seed Co.
P. 0. Box 826
Lake Providence, LA 71254
Larry George
Terral-Norris Seed Co . , Inc.
P. 0. Box 826
Lake Providence, LA 71254

Richard Petrus
Tyner Petrus Co.
P. 0. Box 157
West Monroe, LA 71291
MARYLAND
J. S. Bridges
Southern States Coop., Inc.
P. 0. Box 1436
Baltimore, MD 21203
Robert (Bob) Yaklich
AMRI USDA/ARS,
N.E. Region, Ag. Res. Center
Beltsville, MD 20705
James Fitzsimmons
Ai rflow Company
19050 Laytonsville Rd .
Gaithersburg, MD 20760
MICHIGAN
Mr. &Mrs. Vergil Frevert
Crippen Manufacturing Co., Inc.
P. 0. Box 350
Alma, MI 48801
Judy Bondi
Agri-Sciences
1925 Pauline
Ann Arbor, MI 48103
Bi 11 Steere
Agri-Sciences
1925 Pauline
Ann Arbor, MI 48103
John E. Cross
Asgrow Seed Co.
7000 Portage Rd., 9627-190-1
Kalamazoo, MI 49001
Daryl Schlumbohm
Ferrell - Ross
1621 Wheeler Street
Sag inaw, MI 48602
Bill Wallace
Ferrell -Ross
1621 Wheeler St.
Saginaw, MI 48602
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MINNESOTA
Edwa rd L. Commers
CEA Carter-Day Co.
500- 73rd Ave., N.E.
Mi nnea pol is , MN 55432
Roger Landers
Pfizer Genetics
P. 0. Box 166
Olivi a, MN 56277
Quentin Schultz
Pfizer Geneti cs
P. 0. Box 166
Ol ivia, MN 56277
Raymond J. Derry
MN Crop Imp. Assn.
Univ. of MN
1900 Hendon Ave.
St. Paul, MN 55108
Irvin E. Greenwald
MN Crop Imp. Assn.
Univ. of MN
1900 Hendon Ave.
St. Paul , MN 55108
MISSISSIPPI
Ellis Herring
Herring Seed Clea ner Re pai r
Rt, 4, Box 261
Batesville, MS 38606
Harvey H. Miller
Diamond Seed Co.
Star Route, Box 13
Brooksville, MS 39739
C. L. 11 Vern" Daniels
Pfizer Genetics , Inc.
Cleveland, MS 38732
Charles Sauls
Pfizer Genetics, Inc.
P. 0. Box 867
Cleveland, MS 38732
Allen E. Cummins
Parker Agri - Enterpri ses
P. 0. Box 590
Drew, MS 38737

Richard A. Davenport
Holly Bluff Seed Co.
P. 0. Box 4367
Greenville, MS 38701
Ed Foland
DuPont
1882 McClain
Greenvi lle, MS 38701
M. Lappas
Holly Bluff Seed Co.
P. 0. Box 4367
Greenvill e, MS 38701
Fred Herrington
Planters Gi n Co.
P. 0. Box 1006
Indianol a, MS 38751
Ken neth R. Blan
USDA - SCS
P. 0. Box 610
Jackson, MS 39205
Garland Vaughan
MS Dept. of AG. & Comm.
Jackson, MS 39205
Antonio Luiz Cerdeira
EMBRAPA - Brazi 1
P. 0. Box 5343
Miss. State, MS 39762
William Rex Patterson
Kitty Hutty Farm
Randolph, MS 38864
Bob Munson
Mil burn Farms
Rt. 4
Ruleville, MS 38771
Clyde Jones
Delta & Pine Land Co.
Scott, MS 38772
Robert Jo nes
Delta & Pi ne Land Co.
Scott , MS 38772
James Watson
Del ta & Pine Land Co .
Scott , MS 38772
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Tommy Williams
Delta & Pine Land Co.
Scott, MS 38772
Ronald H. Blackley
Stoneville Ped. Seed Co.
Stoneville, MS 38776
Mr. &Mrs. Dave Grimm
Coker's Ped. Seed Co.
Box 77 6
Tunica, MS 38676
Fay Jack Durrant
Masonite - Southern Bag
P. 0. Box 389
Yazoo City, MS 39194
Steve Gibson
Southern Bag Corp.
P. 0. Box 389
Yazoo City, MS 39194
MISSOURI
Wayne Crowder
Soil Conservation Service
P. 0. Box 108
Elsberry, MO 63343
Wayne Ruby
E. B. Gee Co.
P. 0. Drawer E
Marston, MO 63866
Jim Gooch
Sikeston Seed Co., Inc.
P. 0. Box 24
Sikeston, MO 63801
Bernard Sullivan
Tiffany Industries
145 Weldon Parkway
St . Louis, MO 63043
Ke i th Lewi s
Lewis Seed Farm
Union Star, MO 64494

W.

NEBRASKA
Roger Hammons
NB Crop Imp.' Assn.
216 Keirn Ha 11
University of NB
Lincoln, NB 68503

Ronald Helsing
Univ . of NB
3115 No. 70th St.
Lincoln, NB 68507
Albert Behl
J. C. Robinson Seed Co.
Waterloo, NE 68069
Carol Graf
J. C. Robinson Seed Co.
Waterloo, NE 68069
NEW JERSEY
Ralph H. Hofman
AMS, U. S. Dept. of Agri.
P. 0. Box 1705
North Brunswick , NJ 08902
Gary Storicks
Swedesboro Seed
Swedesboro, NJ 08085
NEW MEXICO
David Padwa
Grassland Resources, Inc.
P. 0. Box 1596
Santa Fe, NM 87501
Jimmy Sternfield
Grass land Resources , Inc.
P. 0. Box 1596
Santa Fe , NM 87501
NEW YORK
Mr. &Mrs. Ralph S. Rinker
Lehigh Valley Seed Co.
415 East 52nd St. (A-4E}
New York, NY 10022
Wayne A. Beckwith
Joseph Harris Co . , Inc.
3670 Buffal o Rd.
Rochester, NY 14624
Walt Pi rong
Agway, Inc .
P. 0. Box 1333
Syracuse, NY 13201
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E. W. Su l ouff

Agway, Inc.
P. 0. Box 1333
Syracuse, NY 13201
NORTH CAROLINA
Roger Bunch
Gustafson
P. 0. Box 471
Edenton, NC 27932
Lynn T. McCormick
McNair Seed Co .
P. 0. Box 706
Laurinburg, NC 28352
A11 en McNei 11
McNair Seed Co.
P. 0. Box 706
La uri nbtJrg, NC 28352
Mike Se ·1 1 ers
McNair Seed Company
P. 0. Box 706
Laurinburg, NC 28352
Michael W. Baker
N.C. Crop Imp . Assn . ,
P. 0. Box 5155
State University Station
Raleigh, NC 27607

Dwight W. Watson
Wa tson Seed Farms
P. 0. Box 1099
Rocky Mount, NC 27801
J ..J. Humphreys
USS Agri-Chemi cals
P. 0. Box 1380
Wilmington, NC 28401
OHIO
Barry Grant
Pioneer Hi-Bred Int'l .
Peterson Soybean Seed Div .
15180 Henry-Wood Road
Grand Rapids, OH 43522
Charles Hendrix
Pioneer Hi-Bred Int'l.
Peterson Soybean Seed Div.
15180 Henry-Wood Road
Grand Rapids, OH 43522
Michael Lang
Ohio Soil Service , Inc.
17700 SR4
Marysville, OH 43040
James W. Fowler
The Andersons
P. 0. Box 119
Maumee, Ohio 43537

G. H. Miller, Jr.
NC Foundation Seed Pro., Inc.
Box 5687
University Station
Raleigh, NC 27607

Mark D. Gilmet
The Andersons
P. 0. Box 119
Maumee, Ohio 43537

George Spain
Seed & Fertilizer Div.
State nept. of Agr.
Raleigh, NC 27602

Lee E. Sundermeier
The Andersons
P. 0. Box 119
Maumee, Ohio 43537

Gene Sullivan
Ext. Seed Specialist
Box 5155
NC State University
Raleigh, NC 27607

PENNSYLVANIA

David Griffin
Watson Seed Farms
P. 0. Box 1099
Rocky Mount, NC 27801

Thomas E. Klein
Mercator, Corp .
P. 0. Box 142
Reading PA 19603
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TENNESSEE
C. C. Dannelly
TN Eastman Co .
Kingsport, TN 37662
Bill Fagala
Riverside Chemical Co .
P. 0. Box 171199
Memphis, TN 38117
Virgil Harden
Hagan Mfg. Co.
P.O. Box 9307
Memphis, TN 38109
Tim Regenold
Hagan Mfg. Co.
P. 0. Box 9307
Memphis, TN 38109
W. E. Strickland
Carter-Day
4230 Elvis Presley
Suite 406A
Memphis, TN 38116
R. E. Cobble
TN Crop Imp. Assn .
P. 0. Box 11019
Nashville, TN 37211
J . L. Dudney
TN Crop Imp. Assn.
P. 0. Box 11019
Nashville, TN 37211
J. E. Guthrie
TN Crop Imp . Assn.
P. 0. Box 11019
Nashville, TN 3721 1
TEXAS
Don Ashley
Ferrell - Ross
P. 0. Box 30069
Amarillo, TX 79120
Lee Bossley
Bossley's Growers
P. 0. Box 353
Bay City , TX 77414

Ing. Juan Jose Garcia F.
Asgrow Mexicana, S.A . , C. V.
P. 0. Box 1567
Brownsville, TX 78520
Bernard Hartman
Kershen Triticale Co .
P. 0. Box 383
Canyon, TX 79015
Ron Kershen
Kershen Triticale Co.
Box 383
Canyon, TX 79015
Mr. & Mrs. Eddie McCulloch
Foundation Seed Service
TAMU College
College Station, TX 77843
Mr. & Mrs . John Thompson
Foundation Seed Service
TAMU Co ll ege
College Station, TX 77843
T. G. Austin
Gustafson
6350 LBJ Freeway, Suite 180
Dallas, TX 75240
Bill Belous
Triple S. Dynamics
1031 S. Haske 11
Dallas, TX 75223
Ted Cox
Gustafson
6350 LBJ Freeway, Suite 180
Dallas , TX 75240
W. J. Donwen
Gustafson
6350 LBJ Freeway, Suite 180
Dallas, TX 75240
John MacFarlane
Gustafson
6350 LBJ Freeway, Suite 180
Dallas, TX 75240
Al Rodriquez
Electric Sorting Machines
6909 S.W. Freeway
Houston , TX 77036
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Ron Curd
USDA, SCS
Plant Materials Center
RR #1, Box 155
Knox City, TX 79529

Sam Kurio
Conlee Seed Co.
P. 0. Box 7247
Waco, TX 76710

David G. Lorenz
USDA, SCS
Plant Material Center
RR #1 , Box 155
Knox City, TX 79529

Carlos Leret
Seed & Grain Technology
TX State Technical Institute
James Connal l y Campus
Waco, TX 76705

Guy Bl anc hard
Gustafson
P. 0. Box 1944
Lubbock, TX 79408

Woodrow W. McCrary
Seed &Grain Technology
TX State Technical Institute
James Connally Campus
Waco, TX 76705

Tom Bunch
Growers Seed Assn.
Box 1656
Lubbock, TX 79408
Warren K. Dulin
Agriculture Unlimited, Inc .
4206 LOCUSt Ave.
Lub~ock, TX 79404
James Epperson
Funk Seeds Int' l
719 - 26th Street
Lubbock, TX 79404
Larry McDowell
Growers Seed Assn.
P. 0. Box 1656
Lubbock, TX 79404
Curtis Mitchell
Agriculture Unlimited, Inc.
4206 Locust Ave.
Lubbock, TX 79404
Mr. &Mrs . Danny Dawdy
Ring Around Seed
P. 0. Box 976
Morton, TX 79346
Mr. &Mrs. Ken Skarien
Seedsmen's Digest
1910 W. Olmos Drive
San Antonio, TX 78201
Russell Filmore
Seed &Grain Technology
TX State Technical Institute
James Connally Campus
Waco, TX 76705

Mr. &Mrs. Paul Mezynski
Seed &Grain Technology
TX State Technical Institute
James Connally Campus
Waco, TX 76705
Jim Reich
Conl ee Seed Co.
P. 0. Box 7247
Waco, TX 76710
UTAH
Max G. Long
Utah Crop Imp. Assn.
c/o Utah Ag. Exp. Sta.-UMC-48
Utah State Univers ity
Logan, Utah 84322
VIRGINIA
Richard C. Seaman
VA Crop Imp. Assn .
P. 0. Box 78
Mount Holly, VA 22524
WISCONSIN
Fred Ka 1 ten berg
Kaltenberg Seed Farms
Rt. 2,

Waunakee, WI

53597

James Kaltenberg
Kaltenberg Seed Farms
Rt. 2,
Waunakee, WI 53597
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BRAZIL
Laudelino Carneiro Leite
EMBRAPA
Caixa Postal 151
35700 Sete Lagoas,
Minas Gerais , Brazil
CANADA
Rodger Williams
OSECO Ltd .
P. 0. Box 219
Brampton, Ontario L6V 2L2
John Ho 11 and
Funk Seeds International, Ltd.
R. R. 3
Cottam, Ontario , NOR lBO
Murray Holland
Funk Seeds lnt'l. Inc.
Box 250
Cottam, Ontario
COSTA RICA
Heiner E. Goldbach
c/o CTZ/CATIE
Turrialba, Costa Rica, C. A.
VENEZUELA
Ing. &Mrs . Marco Lanz
Fonaiap-CIARCO - Est . Exp . Araure
Araure, Edo Portuguesa
Venezuela, S. A.
Eduardo Lopez
Prosela
Prosela - Apartado 83
Va l encia, Venezuela, S.A .

